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The global manufacturing environment is undergoing a major shift with the advent of Industry 4.0 
(I4.0) technologies. Worldwide different countries are taking I4.0 initiatives. The Government of 
Germany and the European Union have designed I4.0 programs to accomplish digital goals. The 
Italian Government has implemented the I4.0 National digital plan to increase the capital 
investment on I4.0 technologies and research for providing a competitive edge to the 
manufacturing firms. Similarly, Hungary has launched I4.0 National technology platform to 
embrace I4.0. The Austrian Government has adopted a National level “Plattform Industrie 4.0” that 
works as an advice-giving body for I4.0 promotion. In the United States of America (USA) the 
digital programme is named “Smart manufacturing leadership coalition”. The Government of India 
has undertaken a “Made in India” initiative and digital strategy with special focus on the 
manufacturing sector. Furthermore, a National policy framework including I4.0 is under formulation 
to advance the growth of modern manufacturing using advanced materials. Countries like South 
Korea and Japan have also taken digital initiatives for the smart production of goods. The Chinese 
Government has undertaken a “Made in China 2025” initiative that demonstrates specific goals 
and performance measures to improve manufacturing capability through innovation driven 
production in this digital age. As Africa’s leading industrialised nation, South Africa has been 
gearing for the I4.0 for many years across different sectors of government. All industries are being 
digitally disrupted, which presents an opportunity for a growing digital economy. I4.0 has brought a 
new and unique opportunity for a budding digital economy. It also gave a novel and unique 
opportunity to address youth unemployment by modifying the education systems in South Africa to 
accelerate innovativeness and upskill the next generation for digital changes. Governments and 
business should work together to help employees and local communities with the changes 
required to be part of the I4.0. Through the Department of Trade and Industry’s Industrial Policy 
Action Plan, the government of South Africa has created multiple iterations of industrial policy to 
support Africa’s industrialisation and growth of I4.0. 
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The above initiatives clearly indicates that data driven technological applications are receiving 
increasing importance in manufacturing sector for the greater benefit of the society. However, 
dependency on data-driven manufacturing requires the configuration of tangible resources and 
development of workforce skills for sustainability and thereby need further research investigation. 
Additionally, external pressures from South African government agencies including the Department 
of Trade and Industry act as massive forces in this digital age. They direct firms to align and 
operate within the nation’s digital strategy. Institutional pressures guide a firm to operate within 
social boundaries and most countries have framed their individual digital strategies to drive digital 
programs within these social boundaries. These digital initiatives set specific goals and 
performance measures to improve manufacturing capabilities through innovation-driven production 
methods in this digital age. Furthermore, pressures from customers also force suppliers to adopt 
digital technologies to configure their resources and capabilities. Hence, the study is guided by 
three research questions as under. 
RQ1: What is the association between institutional pressures, resources and the adoption of 
big data analytics powered artificial intelligence adoption in firms engaged in manufacturing 
activities? 
RQ2: What is the relationship of big data analytics powered artificial intelligence adoption with 
sustainable manufacturing and circular economy capabilities? 
RQ3: Can a business process related to a sustainable manufacturing process and circular 
economy be drawn and further optimise it by substituting a manual process with automation? 
The current research study employs Institutional Theory and Resource Based View to elucidate 
automotive firms’ approach to configure tangible resources and workforce skills as well as develop 
ability for improving sustainable manufacturing practices and circular economy capabilities. The 
data utilised in this research was collected from 219 South African automotive and allied 
manufacturing companies. The results point out that coercive pressures and mimetic pressures 
are positively associated with tangible, resources whereas normative pressures do not have a 
positive association with tangible resources. Additionally, coercive pressures and normative 
v 
 
pressures indicate a positive association with workforce skills. Tangible resources and workforce 
skills indicate positive relationships with the adoption of Big Data Analytics powered Artificial 
Intelligence (BDA-AI) adoption. BDA-AI adoption is found to have a positive relationship with 
sustainable manufacturing practices and circular economy capabilities and lastly, sustainable 
manufacturing practices are found to have a positive relationship with circular economy 
capabilities. The research findings progress the theoretical knowledge in the area of sustainable 
manufacturing and circular economy capabilities. Institutional pressures are found to play a very 
important role in South Africa in terms of digital technology adoption and sustainability practices. 
This study suggested that institution pressures are guiding the automotive manufacturing and 
allied component manufacturing firms to work within the social boundary by creating a harmony 
with key assets such as human capital and resources to further enable digital technological 
adoption. Coercive pressures are very strong in South Africa followed by mimetic pressures as the 
competitors are very fierce in the marketplace. Normative pressures are fairly strong in this country 
when it comes to its effect on the tangible resources and workforce skills. These mechanisms can 
be well explained with the help of Institutional Theory. Additionally, another component, which 
shows a strong presence in the theoretical model, is the resources which were explained using the 
popular Resource Based View Theory (RBV). The key resources for BDA-AI adoption are firstly, 
the tangible resources and secondly, the workforce skills. The current work offered a better picture 
of institutional pressures and resources that are essential for the adoption of BDA-AI in the South 
African automotive and allied manufacturing firms. Hence, the first two research question were 
answered. The second part of the study answered the third research question using the case study 
and performed simulation to show the effect of I4.0 enablement (big data analytics powered 
artificial intelligence) on the business process optimisation. The steps in the case study, include 
setting the problem, defining the objectives, framing the analysis in extant theories, defining the 
methodology, simulation, analysis and results, propose an automated business process model, 
evaluation of the case study and assessing the role of theory. The key takeaway points for 
managers, included firstly focusing on tangible resources. Both regulatory pressures and 
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competitors are forcing automotive and allied products manufacturing companies in South Africa to 
acquire key resources and configure such tangible resources. The Government of South Africa is 
putting pressure on these firms through “Broad Based Black Economic Empowerment” (BBBEE) 
and “Skills Development Act” for improving the skills of the workforce. Also, suppliers and 
customers are forcing this sector to upgrade workforce skills and prevent the drop of BBBEE 
scores. Managers must focus on tangible resources, such as infrastructure, technologies and 
basic resources for the execution of big data analytics and artificial intelligence projects. Secondly, 
focussing on the development of workforce skills is important. It is essential that managers focus 
on developing workforce skills through proper training programs and keep them abreast of the 
latest BDA-AI programming techniques. Since BDA-AI plays a key role in enhancing sustainable 
manufacturing practices and furthermore, build circular economy capabilities; therefore, managers 
need to put more focus in this area. They need to do necessary arrangements and adopt 
benchmark practices to progress the economic growth of South Africa. Although sustainable 
manufacturing practices have gained popularity in South Africa however, more focus is required on 
building of circular economy capabilities by adopting circular economy strategies. Thirdly, the focus 
on the adoption of BDA-AI is important. Sustainable manufacturing aims at the selection of special 
material to build the product by using clean production methods. Renewable source of energy, 
such as solar or wind energy should be used in sustainable manufacturing process. 
Environmentally friendly design must get more importance and adoption of environmental factors 
needs to be considered while selecting business partners. More attention must be given to 
innovative approaches towards recycling solutions. Circular economy uses 3R methods, such as 
reduce, reuse and recycle methods where reverse logistics and supply chain network design play 
a very important role. Any supply chain disruption may cause production losses, financial issues, 
and relationship issues with customers. Many firms are still following decade-old practices to cut 
costs and minimise raw material stock levels, and further eliminate flexibility during such process 
which can make the firm more vulnerable in a circular economy. Fortunately, Industry 4.0 
technologies have proven to be a boon in the field of operations management providing enhanced 
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visibility and resilience. BDA-AI technologies are able to gather voluminous data generated from 
various sources and help machines in making autonomous decisions thus bringing a greater 
extent of flexibility to the manufacturing process and enhanced circularity capabilities. There will be 
less chance of disruption in the supply network and enhanced collaboration and agility will be 
gained in the supply chain. Institutional pressures are forcing companies to upgrade skills of 
workers and also cover data privacy and security aspects which directly aids in the adoption of 
BDA-AI. However, successful of BDA-AI applications require constant review and intervention of 
senior management to the use of advanced analytical methods and data visualisation methods for 
better decision-making. BDA-AI adoption can bring advantages to the manufacturers involved in 
circular economy by providing more recycling options and thus enhancing life cycle of resources, 
lowering of wastes and quick adaptation towards more efficient processes. The contribution of this 
study is the statistical validation of the theoretical framework, which generated insights regarding 
the role of institutional pressures on the resources and its effect on the adoption of big data 
analytics powered artificial intelligence, and how this affects the sustainable manufacturing and 
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  1.1 Introduction 
The dependency on data driven manufacturing practices has produced 
exceptional challenges for firms that necessitates the configuration of tangible 
resources and workforce skills for gaining sustainability (Dubey et al., 2019b). 
The external pressures from government agencies including the Department of 
Trade and Industry (DTI) are acting as a massive force in this digital age. They 
are directing firms to align and operate within the nation’s digital strategy (Dubey 
et al., 2019c). Institutional pressures guide a firm to operate within the social 
boundary. Most countries have framed their individual digital strategies to drive 
digital programmes within their social boundaries (Gerrikagoitia et al., 2019). 
These digital initiatives demonstrate specific goals and performance measures to 
improve manufacturing capability through innovation driven production methods 
in this digital age (Li, 2018). Additionally, pressures from customers also force 
their suppliers towards the configuration of resources and capabilities for the 
adoption of digital technologies (Ancarani and Di Mauro, 2018; Dubey et al., 
2019b). The literature indicates that institutional pressures have a positive 
influence on tangible resources (i.e., infrastructure, resource commitment, 
resource availability) (Cavusoglu et al., 2015; Huang et al., 2016; Wang et al., 
2018). The literature also indicates that institutional pressures have an affirmative 
relationship with workforce skills (Bacon and Hoque, 2005; Boselie et al., 2009; 
Liang et al., 2007; Mizruchi and Fein, 1999). A Resource-Based View (RBV) 
theory explains that various assets are subsets of resources and bundling of 
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resources aid in developing capabilities. Few resources are vulnerable towards 
easy imitation by competitors. Therefore, firms need to make prudent decisions 
and choose resources that are hard to be copied easily by other organisations. 
Additionally, complex resources include knowledge gained through practice. Skills 
of the workforce can fall under tacit resources and these resources are not visible 
as they are achieved through continuous practice and improvements (Hart, 1995). 
In this digital era the knowledge of big data analytics (BDA) and artificial 
intelligence (AI) proves to be a tacit resource as the application depends on 
workforce skills. These mainly include programming and data analytics skills. 
These resources can be considered as socially complex resources as they 
depend upon a group of employees involved in coordination with a small number 
of experts, who have in-depth knowledge, to explain the entire process to the 
team. Tangible resources such as big data management infrastructure, 
technological resources (Hadoop for data processing, data visualisation tools and 
cloud based services) and basic resources (funds) are essential for BDA-AI 
project execution (Iqbal et al., 2018; Dubey et al., 2019a). Executives can 
influence such capabilities by hiring experts or by altering the human resources 
policies (Molina-Azorín, 2014). In this study, it is argued that external driving 
factors (institutional pressures) force firms to configure key resources (tangible 
resources and workforce skills) to develop BDA-AI capability and gain a 
competitive advantage (lowering costs, sustainable manufacturing and 
circularity). It would be interesting to look into the effect of institutional (coercive, 
normative and mimetic) pressures on tangible resources and workforce skills in 
context to the South African economy for the adoption of BDA-AI, where the 
Government laws and regulations are different than any other emerging 
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economies. Therefore, this study endeavoured to fill the gap in the literature and 
aimed to answer the research questions. 
RQ1: What are the antecedents of the intention of the firms engaged in 
manufacturing activities to adopt big data analytics powered artificial intelligence 
adoption? 
The rise in global population is an increasing demand for food, water and energy 
and thereby creating stress on natural resources (Del Borghi et al., 2019). The 
problem is heightening, due to the non-sustainable production and use of 
resources. A linear economy with “take-make-dispose” principles has created 
adverse effect on the triple bottom line to an extreme level, which forced the 
society to search for sustainable ways (Julianelli et al., 2020). This problem can 
be combatted effectively by shifting to a circular economy (Gao et al., 2020). 
Circular economy-based business models are receiving attention from industries, 
due to the positive association with sustainability (Chen et al., 2020b) as it can 
enhance economic development, bring resource sustainability and protect 
ecology (Chen et al., 2020a). Sustainable manufacturing enhances the circular 
economy through the selection of eco-friendly materials for production and 
construction (Krolczyk et al., 2019; Ricciotti et al., 2020; Tan et al., 2020; Zheng 
et al., 2020). Advanced production technologies have brought a revolution to the 
sustainable manufacturing arena by driving the up-grading of research and 
development capabilities, and working as an enabler of innovation collaboration 
(Szalavetz, 2019). Data is the most essential element in this digital age (Dubey et 
al., 2019a). In the adoption of smart manufacturing, the first pre-requisite is the 
identification of production related data within the organisation followed by other 
steps, such as readiness assessment, developing smart manufacturing 
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awareness, developing vision in line with smart manufacturing; and identifying 
specific tools and practices to achieve the vision (Mittal et al., 2019). The 
literature indicates that digital technologies have the potential to unlock sharing 
economy, especially from a product development point of view (Jabbour et al., 
2020). Flexible and advanced technologies help in the enablement of reduction, 
reuse and recycling options for the purpose of circularity (Pactwa et al., 2020). 
The development of online platforms can be helpful to accomplish a circular 
economy (Konietzko et al., 2020). Big data analytics is found to improve the cost- 
and operational performance of the firm (Dubey et al., 2019b). Artificial 
intelligence enabled big data analytics capability has a positive influence on the 
overall health of companies (Dubey et al., 2019c). However, the literature 
indicates that the effect of BDA-AI on sustainable manufacturing and circular 
economy capabilities is scarce and needs further investigation. To attempt the 
call of previous researchers such as Roßmann et al. (2018) and Dubey et al. 
(2019c), this study endeavoured to deal with the below research questions. 
RQ2: What is the relationship of big data analytics powered artificial intelligence 
adoption with sustainable manufacturing and circular economy capabilities? 
To further advance the knowledge in the area of I4.0, sustainable manufacturing 
and circular economy, the study answers the third research question. 
RQ3: Can a business process related to a sustainable manufacturing process 
and circular economy be drawn and further optimise it by substituting a manual 
process with automation? 
The research study used an empirical survey to gather primary data from an 
emerging economy of South Africa and to answer the first and second research 
questions. The data analysis is done using the PLS-SEM method and 
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conclusions are drawn. The third research question is solved using a simulation 
methodology. The study is performed in the context of the automotive 
manufacturing- and the allied manufacturing industries. 
 
1.2 Background of the Automotive Manufacturing Industry 
The automotive industry is one of the key industries in the world. This industry 
involves a wide range of operations including research and development, design, 
branding, production, sales and distribution. The automotive industry started in 
the 1860s and for many years the USA dictated the terms of global production. 
The revenue generated by this sector keeps it on the top of other sectors. Henry 
Ford started the manufacturing of model “A” in 1903 and later in 1908 started the 
production of the model “T” car. Henry Ford developed the mass production 
concept from the manufacturing point of view and later in 1913 he developed the 
first moving assembly line. This helped to lessen the time of the assembly of each 
labour from 2.5 minutes to below 2 minutes. This system became popular and 
soon attracted other automobile manufacturers across the world.  
Modern production systems still continue with a moving assembly line where the 
components for assembly operations are supplied. The only difference in today’s 
production system is possibly due to the advancement of technologies leading to 
automation and thus reducing the assembly operations significantly. 
The major raw material used for manufacturing of a vehicle is steel and petroleum 
derivatives. The increased use of resources during production and the high 
consumption of fossil fuel (petrol, diesel) during the entire life of a vehicle have 
necessitated designing eco-friendly models. The contribution of automotive 
engineers towards the creation of such designs is phenomenal. In South Africa, 
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vehicle emissions above 120 g/km must pay an environmental levy and therefore, 
manufacturers are forced to explore more environmentally friendly design options. 
There are a few eco-friendly cars in South Africa, for instance; Nissan Micra, 
Volkswagen Polo, Ford Fiesta, BMW i3. Predicting what the customer preference 
would be after five years is not an easy task. However, every car company puts 
enormous effort into factors of all parameters, such as rules and regulations, 
changes that are going to happen after five years, and customer preferences in 
future to design their vehicles. The fundamental concept is developed and further 
designed using computer-aided design software. The developed model is further 
reviewed by experts. Manufacturing approval is received only after all the 
parameters have provided feasible results based on the simulation. The assembly 
process is the last phase in the manufacturing of any automobile.  Main items 
such as engine parts, gearbox components, drive axles, steering and suspension, 
brakes, car body, seats and other interior parts are sourced from approved 
suppliers only. It is very important to source materials from reliable suppliers to 
reduce the supply risks and uncertainties. Therefore, the role of automotive 
component manufacturers and allied manufacturing sectors significantly 
contribute to the success of the automotive sector. As soon as the components 
arrive at the manufacturing plant, they are quality checked and after quality 
approval, they are delivered to designated areas. Components required in 
chassis are kept separately from the parts that are required for the body. For 
construction of any automotive, generally the ground up (and outside) concept is 
applied. The body rests on the frame which is the base of the vehicle. The frame 
moves onto the assembly line from one workstation to another, where installation 
of each component, such as suspensions, fuel tanks, rear axles and drive shafts, 
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gear box, steering parts, wheel drums and brakes is done. Robots are nowadays 
used to install the engine with its transmission system. After this, the radiator 
fitment and all the bolting are done. This step is succeeded with shell inspection 
to detect any defects that have occurred during the assembly process. Quality 
approved shells enter the cleaning area, and next go to the painting booth. Once 
the painting of the shell is complete and the curing is done, then it leaves for the 
assembly of the interior parts. In the next step, the chassis assembly conveyor 
and body shell conveyor meet at a point and the shell is lifted to be placed on the 
frame. After this fitting of parts is complete, the final items (battery, tyres, fuel) are 
added before going for quality checking (http://www.madehow.com/Volume-
1/Automobile.html). Globally the legislative policy on environmental protection is 
attracting attention of automobile producers towards the recovery of returned 
vehicles. To achieve this, it requires a greater focus on the development of a 
reverse logistics network (Chan et al., 2012). Various studies are available on the 
remanufacturing, recycling and reusing of various automobile components. These 
processes can drive the circular economy by closing the loop and extending the 
life of resources (Saavedra et al., 2013; Wang and Chen, 2013; Foster et al., 
2014; Luglietti et al., 2014; Abdulrahman et al., 2015; Yang et al., 2015). 
 
1.3 Organisation of the Succeeding Chapters 
The thesis consists of seven chapters as detailed below: 
Chapter 1: Introduction 
This chapter details the study background, research objectives, research 
questions and rationale of the study. The key concepts in this study revolved 
around I4.0 (Big data powered by AI) technologies, sustainable manufacturing 
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and the circular economy. Automotive manufacturing is considered in this study 
as this sector contributes to the economic growth of any country. However, this 
industry faces maximum pressure from environmental activists, government and 
other departments for reducing carbon emissions and also minimising resource 
utilisation. Past research studies indicated that the nature of manufacturing 
operations in this industry can easily adopt big data and AI based I4.0 
technologies for enhancing sustainable manufacturing and circular economy 
capabilities. The current study aimed to explore the institutional pressures and 
resources that can shape big data and AI adoption in this industry for enabling 
sustainable practices in manufacturing and enhancing the life of resources in a 
circular economy. Hence, the study is guided by three research questions as 
under. 
RQ1: What is the association between institutional pressures, resources and the 
adoption of big data analytics powered artificial intelligence adoption in firms 
engaged in manufacturing activities? 
RQ2: What is the relationship of big data analytics powered artificial intelligence 
adoption with sustainable manufacturing and circular economy capabilities? 
RQ3: Can a business process related to a sustainable manufacturing process 
and circular economy be drawn and further optimise it by substituting a manual 
process with automation? 
The chapter ends with section organization of the thesis. 
 
Chapter 2: Literature Review 
This chapter presented a review of various key themes like Industry 4.0; 
sustainable manufacturing; and circular economy. The Scopus database was 
9 
 
used to extract the list of relevant publications for review of extant literature. A 
detailed review was done of selected papers and a summary of review findings is 
presented at the end. 
 
Chapter 3: Research Methodology 
This chapter presented the research methods adopted to answer the research 
questions. A mixed method approach was conducted for this study. In the first 
phase, an empirical survey-based methodology was adopted, whereas in the 
second phase of the study, a case study was developed and business processes 
were optimised using a simulation methodology. The first phase of the research 
answered the first and second research questions and the third research question 
was answered in the second phase of the study. The first phase of the study aims 
to test a theoretical model and the further a part of the theoretical model 
comprising of I4.0 technology (big data analytics powered by artificial 
intelligence), sustainable manufacturing and circular loop was simulated in 
context to a company based in Gauteng, South Africa. The study aims to validate 
the empirical research findings using multiple methods- firstly, through empirical 
survey, second through case study and simulation and lastly using published 
literature in this field of study to develop a comprehensive understanding of 
phenomena. Through convergence of information from various sources will help 
in establishing the quality of this work. 
 
Chapter 4: Theoretical Framework and Hypotheses Development 
This chapter presented the theoretical discussion centred on a research 
framework and also presented the research hypotheses. The theoretical model 
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was drawn by combining Institutional Theory (INST) and Resource Based View 
Theory (RBV) Seven testable hypotheses were derived from the model. The 
theoretical model showed links between external pressures arising from 
Government, customers and suppliers, which has an effect on tangible resources 
and workforce skills that further has an impact on big data powered by AI 
adoption. The other links showed the relationship between big data powered by 
AI adoption and sustainable manufacturing and circular economy capabilities. 
Each hypothesis has been discussed in-depth with strong literature support from 
top ranked journals. 
 
Chapter 5: Data Analysis 
This chapter presented the results of the empirical survey and discussed the key 
findings. The primary data collected during the survey, were cleaned and further 
prepared for use in WarpPLS software. All the steps were followed to finally 
obtain the structural equation modelling results that indicated the association 
between the variables in the model. 
 
Chapter 6: Case Study and Simulation 
In this section a case company that manufactures automotive components based 
in Gauteng, South Africa was selected and all the business processes were 
drawn using Visio software. Later, the final business processes were integrated 
using Anylogic software and a simulation run was done considering firstly, the 
currently practiced manual process and secondly, after the substitution of a 
manual process with I4.0 technological (big data analytics powered artificial 
intelligence) based automation. The results showed the difference of total cycle 
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time which indicated the benefits of I4.0 technologies (BDA-AI) in a circular 
economy. 
 
Chapter 7: Conclusions 
This chapter draws the conclusion based on the findings of the empirical survey 
and further supported with the case study/simulation results and available 
literature. Theoretical implications, managerial implications and future research 
directions are also provided which are meaningful for both the organisation and 
the society. 
 
1.3 Chapter Summary 
This chapter introduced the main constructs used in this study and provided the 
background to the problem. Research gaps are identified and discussed. Based 
on the identified research gaps, three research questions were formulated, which 
play a central role in driving the study. Finally, the organisation of all the chapters 
is presented. The next chapter presents the review of the literature. The study 
contributed to the advanced manufacturing literature by investigating big data and 














A literature review (LR) is a vital part of any research study. LR provides an 
understanding of the level of progress in the area of study and further gives an 
indication of future research directions. This chapter details the steps followed 
during conducting a systematic literature review (SLR). SLR is a very popular 
technique applied commonly in management research as it helps to unveil the 
various themes, various theories applied, under different contexts and group them 
for further research studies (Tranfield et al., 2003; Thomé et al., 2016). SLR helps 
to eliminate bias by the researcher and build rigor in the review. SLR based 
reviews provide insights for practitioners and policy makers as incorrect evidence 
can cause obstruction in policy creation and adoption. Therefore, it is essential 
that the review process is conducted in a systematic manner to develop a 
trustworthy knowledge inventory. 
The steps of SLR suggested by Tranfield et al. (2003) are as follows: 
Stage I-Planning the review 
Phase 0- Identification for the need for a review 
The study attempts to address a practical problem related to the BDA-AI-based 
sustainable manufacturing practices and circular economy capabilities. A 
thorough review is required to gather evidence surrounding the problem and to 
understand the potential of I4.0 enabled technologies to solve the problem. 
Various studies are available in the literature related to I4.0 and smart 
manufacturing (Fatorachian and Kazemi, 2020; Kusiak, 2018). Literature 
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indicates that published articles specifically focused on the scheduling problems 
(Dolgui et al., 2018), network problems (Ivanov et al., 2016) and technological 
enablement in multinational companies (Telukdarie et al., 2018) and sustainability 
aspects (Bag et al., 2018; De Sousa Jabbour et al., 2018 a,b; Kamble et al., 
2018; Tseng et al., 2018). Every year South African firms are losing millions of 
Rands due to increasing reverse logistics and supply chain costs. In recent times, 
the South African Government has also started pressurising firms to adopt 
sustainable practices and gradually transform to a circular economy (CE). Firms 
face multiple challenges such as a lack of knowledge-, information- and of I4.0 
technologies and sustainable manufacturing practices in closed loop supply chain 
(Cant and Wiid, 2016; Bag et al., 2018) which necessitated conducting a literature 
review in this area. 
 
Phase 1-Preparing a scheme for a review 
The aim was to perform a complete review of business process management in 
circular economy related articles that involve I4.0 to achieve their objectives, 
necessary to answer the question below: 
To what degree has research in the area of sustainable manufacturing-based 
business processes exploited I4.0 technologies in a circular economy? 
A Scopus-based search was done to identify and assessing the relevant research 
studies to answer the above question. 
 
Phase 2- Creating a review strategy 
Published papers or this literature review relied on an automated search from the 
Scopus website (https://www.scopus.com). Scopus is the largest database for 
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academic journals with more than 22,800 journals (Baryannis et al., 2019) from 
four scientific areas, such as the social sciences, physical sciences and life 
sciences, which is the other reason for selecting the Scopus academic database. 
 
Stage II- Performing a review 
Phase 3- Identification of research  
In this phase, appropriate keywords are identified and further tabulated in Table 
2.1. These keywords were used as an input into the Scopus website for 
identifying the relevant papers in the chosen area of study. 
 
Table 2.1: Keywords selection 
Industry 4.0 
Business Process 
Management in Sustainable 
Manufacturing to unlock 
Circular Economy  
"industry 4.0" "business process optimisation" 
"fourth industrial 
revolution" 















        
              (Source: Own compilation)  
 
Phase 4- Selection of studies 
Following previous studies (Gupta et al., 2018), the search in Scopus was done 
using ‘or’ operator for every keyword and after that the results of both concepts 
was combined using ‘and’ operator. The search syntax is presented in Tables 2.2, 
2.3, 2.4 and 2.5. The search was conducted on 9th February 2019 and the same 
can be replicated from the Scopus website by using a simple copy and paste 
function. However, the results will vary as this database is getting updated every 
moment. 
 









( ALL ( "industry 4.0" )  OR  ALL ( "fourth industrial 
revolution" )  OR  ALL ( "industrial internet of 
things" )  OR  ALL ( "internet of things" )  OR  ALL ( "cyber 
physical system" )  OR  ALL ( "cloud 
computing" )  OR  ALL ( "robotics" )  OR  ALL ( "smart 
factory" )  OR  ALL ( "manufacturing 
automation" ) )  AND  PUBYEAR  >  2008  AND  PUBYEAR  < 
 2019 
"robotics" "circular economy" 







(Source: Own compilation)  
 
During the first step of the search process, 712466 documents were found. 
 












( ALL ( "business process 
optimization" )  OR  ALL ( "business process 
management" )  OR  ALL ( "sustainable 
manufacturing" )  OR  ALL ( "internet of 
things" )  OR  ALL ( "3R" )  OR  ALL ( "9R" )  OR  ALL ( "cir
cular economy" )  OR  ALL ( "collaborative 
economy" )  OR  ALL ( "sustainable 
development" ) )  AND  PUBYEAR  >  2008  AND  PUBYE
AR  <  2019  
(Source: Own compilation)  






















( ( ALL ( "industry 4.0" )  OR  ALL ( "fourth industrial 
revolution" )  OR  ALL ( "industrial internet of 
things" )  OR  ALL ( "internet of things" )  OR  ALL ( "cyber 
physical system" )  OR  ALL ( "cloud 
computing" )  OR  ALL ( "robotics" )  OR  ALL ( "smart 
factory" )  OR  ALL ( "manufacturing 
automation" ) )  AND  PUBYEAR  >  2008  AND  PUBYEAR  
<  2019 )  AND  ( ( ALL ( "business process 
optimization" )  OR  ALL ( "business process 
management" )  OR  ALL ( "sustainable 
manufacturing" )  OR  ALL ( "internet of 
things" )  OR  ALL ( "3R" )  OR  ALL ( "9R" )  OR  ALL ( "circul
ar economy" )  OR  ALL ( "collaborative 
economy" )  OR  ALL ( "sustainable 
development" ) )  AND  PUBYEAR  >  2008  AND  PUBYEAR
  <  2019 )   
(Source: Own compilation)  
During the third step of the search process, 97437 documents were found. 
 





( ( ALL ( "industry 4.0" )  OR  ALL ( "fourth industrial 
revolution" )  OR  ALL ( "industrial internet of 
things" )  OR  ALL ( "internet of things" )  OR  ALL ( "cyber 












computing" )  OR  ALL ( "robotics" )  OR  ALL ( "smart 
factory" )  OR  ALL ( "manufacturing 
automation" ) )  AND  PUBYEAR  >  2008  AND  PUBYEAR  
<  2019 )  AND  ( ( ALL ( "business process 
optimisation" )  OR  ALL ( "business process 
management" )  OR  ALL ( "sustainable 
manufacturing" )  OR  ALL ( "internet of 
things" )  OR  ALL ( "3R" )  OR  ALL ( "9R" )  OR  ALL ( "circul
ar economy" )  OR  ALL ( "collaborative 
economy" )  OR  ALL ( "sustainable 
development" ) )  AND  PUBYEAR  >  2008  AND  PUBYEAR
  <  2019 )  AND  ( LIMIT-TO ( DOCTYPE ,  "ar" )  OR  LIMIT-
TO ( DOCTYPE ,  "re" )  OR  LIMIT-
TO ( DOCTYPE ,  "ip" ) )  AND  ( LIMIT-
TO ( SUBJAREA ,  "BUSI" ) )  AND  ( LIMIT-
TO ( LANGUAGE ,  "English" ) )   
(Source: Own compilation)  
During the third step of the search process, 2704 documents were found. 
 
Phase 5- Study quality assessment 
A bibliometric analysis was conducted and the statistical data is presented in 





Figure 2.1: Document type  
 
Figure 2.1 indicates that of the 85.6% articles published, 7.8% were review 




Figure 2.2: Spectrum of journal papers   
 
Figure 2.2 presents the spectrum of journal papers published in various 
disciplines. The pie chart indicates that the maximum number of publications 
were from the discipline of business management, followed by engineering, 
decision sciences, computer sciences and others. The high percentage of 
business management could be due to the growing interest of researchers to 





Figure 2.3: Documents by year  
 
The line graph (Figure 2.3) provides a very interesting finding. It can be seen that 
the number of publications rose dramatically from 2013. This can be due to an 




Figure 2.4: Documents per year by source 
 
The details in Figure 2.4 indicate that the Journal of Cleaner Producer has the 
highest number of published papers in the area of I4.0 and CE. These research 
outputs focus on the ability of I4.0 technologies in the transformation of a linear 
economy to a circular economy, and achieve sustainability goals. 
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Figure 2.5: Country wise publications  
 
The country wise publication record can be seen in Figure 2.5. The USA is at the 




Figure 2.6: Documents by author  
 
The names of the top 10 authors, who have contributed in the area of I4.0 and 
sustainable development, are listed in Figure 2.6. 
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Figure 2.7: Documents by affiliation  
 
The names of the top 10 affiliations in terms of research contributions are 
presented in Figure 2.7. Hong Kong Polytechnic University has secured the first 
place on the ranking scale followed by other universities. 
 
Phase 6- Data extraction and monitoring progress 
A detailed review of relevant papers published in the last four (4) to five (5) years 
in the field of I4.0 was attempted.  
 
Phase 7- Data synthesis 
The data was synthesised and a review summary of every study was presented 
along with the research objectives and the major findings (refer to Appendix A1). 
Based on the review of every paper, the gaps were identified, which further 
helped to identify future research opportunities. 
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Stage III- Reporting and dissemination 
Phase 8- Report and suggestion 
The various key themes that emerged from SLR are reported in this section. 
 
2.2 History of the Industrial Revolutions 
2.2.1 First Industrial Revolution 
Firstly, all the industrial revolutions are discussed before funnelling down to the 
research topic. The First Industrial Revolution began in the late 17th century to 
the mid-18th century. The First Industrial Revolution was driven by mechanical 
equipment, water and steam power and shifted the production from homes to 
factories.  
 
2.2.2 Second Industrial Revolution 
The Second Industrial Revolution was a short period of industrialisation between 
the late 19th to the beginning of the 20th century. The Second Industrial 
Revolution was driven by electric power and mass production. 
 
2.2.3 Third Industrial Revolution 
In the mid-20th century, the rise of information technology earmarked the Third 
Industrial Revolution with the focus on digital electronics.  
 
2.2.4 Fourth Industrial Revolution 
The Fourth Industrial Revolution is centred on cyber physical systems. It is also 
known as Industry 4.0 (Telukdarie et al., 2018). The term “Industry 4.0” was first 
introduced at Hannover Messe in 2011, during the opening ceremony speech by 
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Professor Wolfgang Wahlster. Industry 4.0 (I4.0) is the advancement in the 
direction of digitalisation. Smart factory is the central focus in I4.0 and the 
symbiosis of Cyber-Physical Systems (CPS) and Internet of Services (IoS) play a 
key role in I4.0 technological enablement. CPS is the basis of developing smart 
products, smart logistics and smart mobility. Machine to Machine (M2M) 
communication is the enabler of Internet of Things (IoT). Both IoT and IoS help in 
the transformation of a smart infrastructure and a group of devices that lead to the 
emergence of smart buildings and a smart grid (Bartodziej, 2017). The I4.0 
technologies facilitate horizontal integration through value networks; and vertical 
integration across networked production systems through end-to-end digital 
integration across the value chain (Bartodziej, 2017). I4.0 brings a new set of 
opportunities for operations management. I4.0 can change the traditional 
systems, processes and competitive priorities (Olsen and Tomlin, 2020). The 
advancement in I4.0 has introduced various technologies, such as CPS, the IoT 
and visual computing for smart manufacturing (Ardanza et al., 2019). I4.0 
adoption requires precise knowledge, financial resources, up-grading of skills and 
creating an open minded and flexible culture in the organisation. Furthermore, it is 
important that I4.0 is involved in proper planning, cooperation with outside 
stakeholders, data management, data security and an adaptable organisation 
structure (Veile et al., 2019; Zangiacomi et al., 2020). 
Advanced, flexible and adaptable human-machine interfaces will enhance 
operations and increase productivity without jeopardising the safety of workers 
(Ardanza et al., 2019). Smart manufacturing systems are able to autonomously 
detect the health of the system and aid in continuous improvement of projects 
(Osterrieder et al., 2019). This will enhance productivity (Alavian et al., 2020). 
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Smart manufacturing targets the enhancement of the performance of the 
manufacturing system as well as enhances the decision-making power of humans 
and machines (Mittal et al., 2019). Smart maintenance can impact the 
performance of manufacturing plants (Bokrantz et al., 2019). Digital technologies 
can enable managing the interface between supply chain management and 
marketing processes (Ardito et al., 2019). The role of the IoT is facilitating the 
planning of warranty and maintenance steps of remanufactured items. The 
advanced remanufacturing-to-order system can anticipate the preventive 
maintenance timing as soon as it reaches particular working hours (Dev et al., 
2019). Mobility management in process industries can be done by considering the 
team, task and control; the design of business processes enabled by mobile 
cyber–physical resources and further involving various stakeholders (Barata et 
al., 2019). 
There are various challenges in the implementation of I4.0. Resources and 
capabilities were found to be insufficient for predicting business value among 
medium-size companies (Bordeleau et al., 2020). There is a concern related to 
companies in Latin America in terms of selecting I4.0 technology to improve 
productivity. This is mainly due to poor capabilities from technological, 
organisational and connectivity perspectives (Brixner et al., 2020).  
The biggest challenges with I4.0 technology are the analysis of data, combining 
new technologies with available machineries and labour, and computational 
constraints. Overcoming these challenges will lead to opportunities such as 
greater efficiency, flexibility, productivity and security (Dalmarco et al., 2019). 
Firms that are open (breadth and depth) to I4.0 technologies; allow better 
opportunities, and small enterprises can also enhance their performance (Büchi 
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et al., 2020). However, most manufacturers have so far failed to seize the I4.0 
revolutionary opportunities (Calabrese et al., 2020). For instance, Brazil has failed 
to exploit I4.0 technologies due to a lack of skills to fulfil the expertise that the I4.0 
process demands (Cezarino et al., 2019). 
Investment in I4.0 technologies can lead to the achievement of a competitive 
advantage. However, the uncertainty and complexity revolving around the 
selection of technology investments are a greater issue among firms. It has been 
noted that firms with less than twenty workers and with a low level of funds, 
generally give more importance to shop floor level technologies. Firms with more 
than twenty employees and having access to funds, generally focus on 
operations technology (Bosman et al., 2019). I4.0 technologies are used to 
pursue particular production goals. I4.0 technologies can enable strategies such 
as servitisation, design-to-cost, supply chain integration, integration with shop 
floor machines and lean strategy (Chiarini et al., 2020). 
Servitisation significantly adds value to the consumer, while I4.0 adds value to 
production processes (Frank et al., 2019b). Manufacturers can become data 
driven by progressing with servitisation (Kohtamäki et al., 2020).  
The orchestration of duties of the entire management team towards I4.0, leads to 
the building of dynamic capabilities (Garbellano and Da Veiga, 2019). Perceived 
benefits and senior management support are the driving variables for the 
adoption of smart manufacturing related technologies (Ghobakhloo, 2019). It is 
essential to focus on the operational parameters and the associated costs when 
product-return is governed by factors, such as market size and collection 
investment, related to socially influenced green products (Dev et al., 2019). 
Operations related measures, including design and production parameters, play 
30 
 
an important role in the digital conversion cycle. Manufacturers need to gather 
real-time data from shop floor machines and analyse the data to use it as an input 
for enhancing design- and manufacturing related decisions (Dutta et al., 2020).  
Farooqui et al. (2020) proposed architecture to gather data from the shop floor. 
I4.0 is anticipated to bring new challenges and opportunities for future supply 
chains (Ghadge et al., 2020). Garay-Rondero et al. (2019) proposed a digital 
supply chain model that aims to eliminate the I4.0 barriers. The dimensions of the 
model are: digital and physical supply chain components and processes within 
cloud computing and cloud robotics; digital supply chain network structure 
interconnected through the cyber-physical systems; technology adoption and 
digitalisation through cyber-physical systems; I4.0 technology, concepts, enablers 
and features; digital and physical supply chain flows; virtual value chain; and 
digital and physical world. Therefore, I4.0 is driving the development of a more 
connected ecosystem (Seyedghorban et al., 2020). 
I4.0-based business transformation necessitates the integration of various 
advanced information technologies and digitalisation of the total value chain. 
Focus must be given to the creation of lean-based digital production systems for 
sustainability in the era of I4.0. If digitalisation of processes is aligned with 
organisation capabilities and strategies, these can provide greater 
competitiveness (Ghobakhloo and Fathi, 2019). Digitalisation of a supply chain 
thus improves the practices of lean operations (Haddud and Khare, 2020). I4.0 
technologies improve information sharing and transparency, which is likely to 
achieve a superior supply chain performance. I4.0 technologies allow for process 
integration, automation and digitalisation thus resulting in an improvement with 
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purchasing, manufacturing, logistics and other functions (Fatorachian and 
Kazemi, 2020).  
Front-end I4.0 technologies are smart manufacturing, smart products, smart 
supply chain and smart working, while base technologies are IoT, cloud services, 
BDA. In front-end technologies it is observed that smart manufacturing plays a 
key position. The smart manufacturing dimensions are categorised into vertical 
integration, automation, traceability, flexibility and energy management. 
Technologies for vertical integration are sensors, Supervisory Control and Data 
Acquisition (SCADA), Manufacturing Execution Systems (MES) Enterprise 
Resource Planning (ERP) and Machine to Machine (M2M) communication. 
Technologies for virtualisation are virtual commissioning, process simulation and 
AI.  
Technologies for automation are robotics. Technologies for traceability are Radio 
Frequency Identification Devices (RFID) systems, and smart objects. 
Technologies that provide flexibility are additive manufacturing, three-dimensional 
(3D) scanning, 3D printing and autonomous manufacturing lines (Steenhuis and 
Pretorius, 2017). Technologies for energy management are energy efficiency 
monitoring systems and energy efficiency enhancement systems (Frank et al., 
2019a). 
The adoption of base technologies gives problems to companies as big data 
analytics are still immature from an application point of view (Frank et al., 2019a).  
From the literature it indicates that I4.0 enabled supply chain innovation improves 
the focus on productivity enhancement in supply chain processes, especially 
scalability and flexibility. Start-up firms are drastically changing their operating 
models and rely on data analytics and platform economy to enhance 
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organisational performance (Hahn, 2020). The aspiration of management to 
enhance control and real time performance measurements is a key driver of I4.0. 
It is found that the resistance of employee and mid-level management can 
negatively impact the adoption of I4.0 technologies. Large multinationals can 
create greater driving forces to adopt I4.0 compared to small and medium level 
firms (Horváth and Szabó, 2019). To introduce I4.0 technologies into the 
organisation it is very important to focus on the instrument and have a robust 
process (Martinez, 2019). I4.0 provides a great opportunity to redesign 
manufacturing processes and implement new models (Moeuf et al., 2020). 
Process re-engineering is supported by I4.0 technologies. These technologies 
can enhance the performance of processes, support the execution of tasks and 
enhance data gathering and sharing (Patrucco et al., 2020).  
Another interesting aspect of I4.0 research is the study of current digital 
technologies to build a foundation to extend the understanding of their roles within 
a data-oriented concept. Based on the content analysis, Klingenberg et al. (2019) 
found one hundred and eleven digital technologies, which perform four functions 
pertaining to data, such as data generation and capturing, data transmission, data 
conditioning, storage and processing, and data application. Enabling technologies 
comprises the first three groups, while value creation related technologies form 
part of the fourth group. Enabling technologies are frequently found in the 
literature whereas value-creating technologies are still limited. 
Data is the one of the valuable elements in this digital age. In the adoption of 
smart manufacturing the first pre-requisite is the identification of production-
related data within the organisation, followed by other steps such as readiness 
assessment, developing smart manufacturing awareness, developing a vision in 
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line with smart manufacturing, and identifying specific tools and practices to 
achieve the vision (Mittal et al., 2019). Decision-making in this digital age is 
largely connected with communication- and information-sharing, which is highly 
dependent on data (Preindl et al., 2020). Cloud computing is one of the main 
enabling technologies in this digital era. It is found that data is a main resource for 
cloud computing, and both data processing capability and data transformational 
capability are critical for the operation of cloud-based organisations (Shou et al., 
2019). Sundarakani et al. (2019) proposed a hybrid supply chain cloud model to 
combine the supply chain network with flexibility and efficiency. 
The other dimension of I4.0 research is the human aspect. The advancement of 
I4.0 technologies, such as AI and IoT have automated various medium skills and 
high skills jobs leading to big changes in the labour requirements (Marengo, 
2019). This has created a general fear among people about losing jobs in the 
digital age. It is important that organisations consider the well-being of the 
employees and labourers during this digital transformation. Practical solutions to 
the problem of job insecurity are to adopt a proactive approach to adapt to I4.0 
technological changes in the organisation and prepare for the digital 
transformation (Nam, 2019). Digital transformation will necessitate changes in the 
human aspect of the system. Depending on the industry sector, it will call for new 
competencies with a new set of skills leading to a change in job profiles. The 
technical skills requirements will include expertise in programming, big data 
analytics, robotics and the maintenance of smart systems. The soft skills will 
include continuous learning, and innovative and critical analytical thinking 
(Jerman et al., 2020). Operator and workstation interaction in the smart 
manufacturing environment is critical from an operations point of view. Key 
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measures, such as the health and safety of operators and work satisfaction must 
be considered from a sustainability perspective (Golan et al., 2019). From the 
literature, the indication is that training is a critical factor for I4.0 success. Without 
adequate I4.0 training, it is likely the project managers will experience project 
failures. Also, it is necessary to get support and advice from external consultants 
during the I4.0 project implementation (Moeuf et al., 2020). The literature reveals 
that learning capabilities play a mediating role in attaining a high level of 
operations performance. Therefore, firms that focus on learning and knowledge 
sharing can obtain huge benefits in this digital age (Tortorella et al., 2020). 
Digital readiness necessitates small and medium enterprises to exploit data 
analytics and build up knowledge and decision support systems; and secondly to 
invest in human resources for training and skills development. Most importantly 
the firms need to develop infrastructure for data collection, storage, analysis, 
interpretation and communication to relevant supply chain members (Pirola et al., 
2019). Ralston and Blackhurst (2020) opined that I4.0 smart systems may lead to 
increased supply chain resilience because of capability enhancement and new 
skills development. From the literature, the indication is that smart factories can 
use CPS on the factory floor to schedule complex tasks and cope with uncertain 
and demanding markets (Romero-Silva and Hernández-López, 2019). Rossit et 
al. (2019) has also discussed smart scheduling aiming to develop flexible and 
efficient manufacturing schedules. Smart systems provide the ability to predict 
and face unforeseen and disruptive events. Smart manufacturing systems can 
solve inventory problems for make-to-order items (Weng et al., 2020). 
Additionally, advanced manufacturing technologies have brought a revolution in 
to the sustainable manufacturing arena, driving the up-grading of research and 
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the development capabilities, and working as an enabler of innovation 
collaboration (Szalavetz, 2019).  
Smart manufacturing acts as a central column of a company’s operations and 
considers advanced manufacturing systems to meet the I4.0 goals (Chen et al., 
2017).  
From a sustainable supply chain point of view, firms need to overcome barriers, 
such as cyber-physical systems standards and specifications, sensor technology 
and design challenges that are the most influential I4.0 barriers for attaining a 
circular economy (Rajput and Singh, 2019b).  
I4.0 is found to moderate the effect of lean practices on the enhancement of 
operational performance. Process related I4.0 technologies negatively moderate 
the effect of performance on low setup practices, whereas product and service-
related I4.0 technologies positively moderate the effect of flow practices on 
performance (Tortorella et al., 2019a). Lean automation can provide a competitive 
advantage to firms (Tortorella et al., 2019b). Sustainability accounting and 
reporting in the firm is important as the firm progresses towards I4.0 maturity 
(Tiwari and Khan, 2020). 
From the literature, three main patterns in I4.0 based business models were 
found. These are integration, servitisation and expertisation. Integration involves 
the innovation of a new business model with unique processes and combines 
parts of the supply chain. Servitisation involves the combination of new products 
and services, whereas expertisation comprises product and process focused 
business models and is hybrid in nature (Weking et al., 2019). 
I4.0 has brought massive changes to the technological side, which has ushered in 
a wave of radical innovations that will have a deep-rooted impact on the economy 
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of the country. This will require changes of policies, infrastructure as well as 
societal and environmental changes (Strohmaier et al., 2019). The review of past 
studies resulted not only in indentifying future research directions but also the 
emergence of various themes, such as I4.0 drivers and barriers, I4.0 benefits and 
Industry 4.0 technologies. However, the role of big data technologies in data 
driven manufacturing is overwhelming and requires further research (Roden et 
al., 2017). 
 
2.2.5 Big data analytics  
Big data technologies have the capability to gather huge volumes of data from 
various sources and the ability to apply analytics to extract key information for 
management decision-making. Big data and cloud computing are acting as data 
services, which are essential in the adoption of I4.0 (Bartodziej, 2017). In the era 
of the Fourth Industrial Revolution, big data analytics (BDA) is leveraged by 
various firms to enhance business performance (Arunachalam et al., 2018). BDA 
can be a valuable asset in making quality decisions for managers (Brinch et al., 
2018). BDA benefits are: enhanced informed decision-making, better visibility, 
reduction of supply risks, better bargaining power to negotiate with vendors and 
customers, greater power in relationships with vendors and customers, enhanced 
supply chain efficiency, better demand planning, improved sales and operations 
planning-ability and improved agility (Schoenherr and Speier‐Pero, 2015; Zhang 
et al., 2017). These benefits motivate organisations to build capabilities for the 
extraction of value from big data. Adding value to big data is possible through the 
development of an organisation’s capability to gather, store and examine 
structured and unstructured data in real time with the aid of big data analytics 
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(BDA) tools (Arunachalam et al., 2018). However, the application of BDA has not 
been fully explored by past researchers, while the understanding of BDA seems 
rather subtle (Brinch et al., 2018). Moreover, managers lack an understanding of 
the requisite capabilities for converting big data into an important piece of 
information (Arunachalam et al., 2018). BDA can be used for anticipating the 
planning of operations for the returns of products for remanufacturing and to 
schedule reverse logistics accordingly. Supply chain managers have faced 
various challenges in managing reverse logistics and remanufacturing practices 
due to uncertainties in product returns and the quality of such returns, as well as 
the presence of contradictory organisational targets. In this context, BDA can 
prove useful in capturing the perceptions of supply chain partners, developing 
proper goals, scrutinising supply chain processes and taking the necessary 
corresponding strategic action (Nguyen et al., 2018). Both reverse logistics and 
circular economy are a critical need in our society to reduce the carbon footprint. 
However, the related challenges of coordination and communication need to be 
eliminated by using advanced technologies (Govindan and Soleimani, 2017).  
 
2.3 Sustainable Manufacturing  
The growth in demand, coupled with the increased consumption of scarce 
resources during production has created a lot of stress on the environment 
(Garetti and Taisch, 2012). Sustainable manufacturing is an attempt to stop the 
harmful side effects of traditional manufacturing activities (Moldavska and Welo, 
2017). Sustainable manufacturing intends to produce responsibly and its goals 
align with the triple bottom line (Dubey and Bag, 2013). Manufacturing 
businesses are gradually realising significant economic and environmental 
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benefits from sustainable practices (EPA report, 2020). Strategies for sustainable 
operations are aligned with business strategies that are integrated with the 
circular economy principles. Furthermore, the manufacturing strategies are 
developed to meet the sustainable development goals (Bag et al., 2020 a, b). 
Atasu et al. (2020) performed a review of the literature concerning the 
management of sustainable operations. The papers were clustered under closed-
loop supply chains, low-carbon economy, environmental management and 
performance, innovation, and social responsibility. 
The growth stages of environmental management comprise functional 
specialisation, internal integration and external integration. An organisation at the 
functional speciality phase, which has little information of usage and features, 
generally does not implement a broad view of cleaner production strategies. As 
the organisation progresses towards a mature growth stage of environmental 
management, the information usage and features of cleaner production are 
extended to improve the efficiency. Greater usage and more information related 
to pricing, internal reports on environmental characteristics and outside 
collaborations can help in strengthening cleaner production strategies for 
sustainability (Gunarathne and Lee, 2019). 
Liu et al. (2020) opined that the decision-making authority of the main 
stakeholders is positively related to the organisation’s sustainability, and that the 
centralised governance structure can lead to sustainable operations. This can 
help in the internationalisation of business. The strategy for sustainable 
operations is linked to strategies of sustainable manufacturing. Sustainable 
manufacturing is the production of goods through clean processes that avoid the 
adverse impact of the environment. Sustainable manufacturing considers the 
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safety and well-being of employees, society and the environment (EPA report, 
2020). Sustainable manufacturing has gained importance in the field of 
production science, mechanical engineering, environmental science and energy 
science (Lee et al., 2019). Organisations suffer from various risks and 
uncertainties in producing goods as these generate various environmental and 
societal problems (Malek and Desai, 2019a).  
Ball and Lunt (2018) suggested how organisations can triumph over the barriers 
to implement environmental efficiency in sustainable manufacturing. Malek and 
Desai (2019b) suggested that the economical and managerial barriers are highly 
disruptive among those of sustainable manufacturing. These are followed by the 
barriers of the organisation-, social and environment-, technology-, knowledge 
and learning, and independent barriers. 
New governance mechanisms can address the sustainability challenges that are 
observed within the global production networks (Alexander, 2020).  
Sustainable manufacturing strategies vary from firm to firm depending on the 
nature of the business. The functions of each business play an important role in 
sustainability (Macchi et al., 2020). Familiarity with materials and energy flows in 
the manufacturing system, provide information on costs, effectiveness and the 
impact on the environment. Various methods are used for assessing flows and it 
is good practice to integrate manufacturing scheduling to reduce wastage at the 
operations level. Proper scheduling can reduce waste generation up to ten 
percent (Le Hesran et al., 2020). Chen and Bidanda (2019) considered the 
recycling of resources and the reduction of emissions based on sustainable 
manufacturing strategies to address manufacturing-stock related problems. The 
results indicate that both the sustainable manufacturing strategies exert a 
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different impact on decision-making. The lessening of emissions and costs can be 
achieved by escalating the number of returns of recoverable items. When it 
comes to the control of emissions; the cap-and-trade policy is found to be more 
effective than a carbon tax policy. Zhang et al. (2020b) discussed 
remanufacturing as a sustainable manufacturing strategy. Zhu et al. (2019) stated 
that subsidies in remanufacturing can improve the consumption of 
remanufactured items. However, carbon regulation is found to be effective when 
the carbon emission levels of remanufactured products are low. Subsidies in 
remanufacturing will enhance a firm’s profit whereas carbon regulation might 
affect the profit margins. Furthermore, Dunuwila et al. (2020) studied the 
sustainable manufacturing of dipped rubber products in Sri Lanka from the 
perspective of enhancing the economic and environmental parameters. Various 
process improvement parameters, like the setting up an advanced trap tank; 
increasing the sedimentation time; installing inverters and solar panels, were 
suggested to enhance the performance. Another unique case of sustainable 
manufacturing was considered by Krolczyk et al. (2019) where they studied the 
environmental aspects in machining surfaces of hard metals and alloys like 
steels, titanium and nickel-based alloys. In such a process, a lot of coolants and 
emulsions are used, which has an effect on the environment and the health of 
workers. They proposed a clean process that targets the reduction of the usage 
of coolants and lubricants, and the selection of a proper grade. Thus, companies 
involved in manufacturing activities need to achieve stability among financial, 
environmental and social facets to be sustainable in this dynamic market; 
sustainable manufacturing is one of the ways to bring this stability.  
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A study, which experimented on the Ti–6Al–4V alloy that is considered a very 
hard-to-machine material due to its less thermal conductivity and low deformation 
coefficient. Dry machining is preferred by machinists, due to its lower 
environmental impact. However, traditional dry-ultra-precision cutting of Ti–6Al–
4V alloy is not practical because of the rapid worsening of surface integrity and 
the life of the tool that happens due to the high cutting temperatures. When the 
advanced UEVC technology was applied to the traditional dry-ultra-precision 
cutting process, the tool wear was stopped and the surface integrity was 
drastically improved. This machining technology lowers the negative effects 
induced by the use of cutting fluids, and provides a sustainable process for dry-
ultra-precision machining of Ti–6Al–4V alloy using a practical application (Tan et 
al., 2020). Nano-fluids in machining can replace the cutting fluids from the related 
activities, and in so doing, lower the production costs and ecological impact (Khan 
et al., 2020b). Pagone et al. (2020) worked on the problems concerning material 
selection in the manufacturing process of high pressure die castings for making 
automotive components. The results indicated that aluminium-based alloy is a 
great option; however, magnesium and zinc alloys are better in a few areas. The 
indication from the literature is that the adoption of sustainable manufacturing of 
food, steel and chemical industries are restricted. More innovative solutions are 
required to lower the impact of manufacturing processes on the environment and 
society (Malek and Desai, 2020). Non-eco-friendly products exert negative effects 
on the environment and society. Attention is required to the development of 
organisational capabilities for the successful adoption of sustainable product 
development (Watz and Hallstedt, 2020). 
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Occupational health and safety are largely affected by the manufacturing of non-
eco-friendly products (Singh et al., 2019). The limitation of traditional processes 
and public pressure are found to be the most important for the implementation of 
sustainable manufacturing practices. Traditional processes and obsolete 
technologies must be replaced with cleaner technologies for enhancing 
environmental performance (Malek and Desai, 2019a). The cleaner production 
tool includes pinch analysis, process graph, artificial intelligence and computer-
aided modelling (Van Fan et al., 2019). 
Manufacturing processes consume a high level of energy and emit greenhouse 
gases. Thus, reducing the environmental effects in the production process 
creates better energy efficiency and this can be considered as an important 
success factor for sustainable manufacturing. Furthermore, improving energy 
efficiency of manufacturing systems leads to energy sustainability (Kluczek, 
2019). 
Methods and tools such as energy analysis, energy evaluation and energy saving 
measures need to be adopted for better energy management (Menghia et al., 
2019). The literature reveals evidence that manufacturers are focusing on energy 
efficient machining for sustainable manufacturing in present times. The use of 
standards for the exchange of product model data-numerical control is found to 
be beneficial for energy demand management in machining activities (Weber et 
al., 2019). Furthermore, a new way of welding a surface microstructure on wire 
electrodes for the sustainable production of high-uniformity work piece surface 
quality is found to be feasible (Yan et al., 2020). 
Another way of reducing emissions and achieving energy savings in sustainable 
manufacturing can be done by lowering the rate of the generation of defective 
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products in the production process. The focus on quality can reduce the defective 
rate and improve manufacturing sustainability (Goyal et al., 2019). The selection 
of the correct process and tweaking the design can eliminate defects, specifically 
in the castings industry (Zheng et al., 2020). Combining three manufacturing 
strategies, including lean, green and Six Sigma can aid in reducing the defects, 
costs and improve delivery performance (Gaikwad and Sunnapwar, 2020). 
Innovation-lean practices in the manufacturing industries can enhance 
sustainable performance (Orji and Liu, 2018). 
The excess emission of harmful gases, such as carbon dioxide, is becoming a 
major problem that is hindering sustainable economic growth in developing 
countries (Yang et al., 2020). The analysis of savings and the assessment of 
energy performance can clearly indicate the current position of the company in 
terms of energy consumption and emission levels of greenhouse gases. Proper 
shut down planning of a plant and the scheduling of non-production hours can 
significantly save energy consumption levels (Akan et al., 2019). Maintenance 
function has a strong impact on sustainable manufacturing as it aids in keeping 
the manufacturing system efficient. Improper maintenance planning and 
execution, not only impacts manufacturing negatively and increases energy 
consumption and costs but also jeopardises the health and safety aspects of the 
labourers (Franciosi et al., 2020). 
Besides the metal processing industries, the construction sector also creates a 
major impact on the environment. This sector consumes a lot of energy and 
significantly contributes to global warming (Giama and Papadopoulos, 2020). 
Alternative material to cement superior performance and reduce the 
environmental impact can prove beneficial for the construction sector. 
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Geopolymer-based hybrid foams developed from fly ash create a low 
environmental impact and can be a potential environmentally friendly solution for 
the construction sector (Ricciotti et al., 2020). Another innovative material in the 
building sector, is buffing dust waste/polystyrene bundling insulating composite, 
which can be useful as an alternate material in the building construction sector as 
these are found to have superior thermal performance rather than pure 
polystyrene insulation boards (Hittini et al., 2019). 
Political and regulatory barriers are found to obstruct the use of renewable energy 
in developing countries (Shah et al., 2019). The study is supported by that of Ezici 
et al. (2020) where they indicated that there is an unfair increase in the use of 
non-renewable energy compared to the use of renewable energy. Policy 
amendments are essential to push for the use of renewable energy and comply 
with sustainable development goals. 
Sustainable manufacturing across all three dimensions, such as financial, 
environmental and social, require complex decision-making. Environmental 
regulations, customer pressures, and resource savings are the key drivers of 
sustainable manufacturing practices. Optimisation of processes driven by 
appropriate decision support systems (DSS) is required for effective sustainable 
manufacturing practices. The literature reveals that current DSS focus mainly on 
combining all three sustainability parameters at the strategic planning level, and 
that there is a lack of focus on the operational level. Most interestingly, it was 
observed that there is a lack of focus on social planning goals (Zarte et al., 2019). 
A framework for evaluating and assessing the sustainability performance of the 
manufacturing process was proposed by Hartini et al. (2020). 
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Digalwar et al., 2020 opined that information technology‐enabled system support, 
supply chain members’ awareness and literacy, societal issues and the scarcity of 
natural resources are the most critical criteria for the successful adoption of 
sustainable practices in the lean‐agile manufacturing firm.  
Apart from the hard (technological) factors, the literature also revealed some soft 
(human) factors, such as green motivation, customer relationship management, 
management leadership, communication, and strategic alignment that aids in the 
successful implementation of sustainable manufacturing practices (Ahuja et al., 
2019). Other soft factors include organisation sustainability knowledge and 
training that positively influences sustainable practices, which can enhance 
operational and environmental performance (Birou et al., 2019). 
The personal motivation of leaders is found to influence the strategy of the 
organisation through the behaviour of the executive leadership (Eide et al., 2020). 
It was found that employees with a firm-intrinsic behaviour are hard workers who 
are targeted to learn more about sustainability aspects, generally develop 
proactive pathways towards sustainable supply chains. Proactive ways of doing 
things are more effective than being reactive. More focus needs to be given to 
achieve responsible management by enhancing learning throughout the 
organisation (Roy et al., 2020). 
The sustainability indicators used in manufacturing businesses was documented 
by Ahmad et al. (2019). From an environmental perspective, it was found that the 
management of solid waste indicators lack importance. Popular indicators, 
include material consumption, the energy utilised and the emissions in the 
manufacturing process. Costs are one of the main financial indicators. The social 
indicators that are mainly considered are related to labour, employees and the 
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local communities. Developed countries focus on all three aspects of 
sustainability in manufacturing. Various relevant instruments are required to 
promote the application of sustainable manufacturing technologies and restrict 
emissions of greenhouse gases from water-energy-food resources. Such factors 
are environmental certification, anti-dumping tariff duties, and strict ecological 
laws (Anser et al., 2020). In other studies, researchers suggested the innovation 
of green technology, mechanisms used by responsible managers and 
environmental impact assessments can effectively reduce pollution and emission 
levels (Bali et al., 2019). Systems that previously measured performance and 
related indicators lacked the ability to cover all three sustainability parameters 
and their intersections. This motivated the development of a new sustainability 
framework (full, intermediate and core performance measurement systems), 
which is more practical and effective than the previous ones. Under the new 
economic area of performance: the categories, included investments, costs and 
incomes, production and suppliers. The social area of performance consists of 
the community, customers, employees and occupational health and safety. 
Lastly, the environmental area of performance consists of water, materials, 
energy, air emissions, waste and environmental management (Cagno et al., 
2019). Those organisations that are driven by performance excel rather than 
those doing only paper work related to sustainability (Susilawati and Kanowski, 
2020). The business strategies of organisations must be aligned to the 
sustainable development goals (SDG), particular priority must be given to the 
SDG pertaining to “responsible consumption and production” to ensure 
sustainable manufacturing (Gunawan et al., 2020). Sustainability reports tend to 
indicate the actual sustainability performance of companies and therefore, have 
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business implications (Papoutsi and Sodhi, 2020). It is essential to re-model 
current corporate social responsibility frameworks among Asian firms, which do 
not have proper guidelines to achieve environmental and social performances 
(Mitra and Gaur, 2020). When demand-enhancing effects outweigh the cost-
increasing effects, then the firm needs to make investments in sustainable 
technologies (Veldman and Gaalman, 2020). There are more benefits when firms 
focus on a sustainability-practice approach compared to a sustainability-
performance approach, which improves the focus of organisations on sustainable 
development goals (SDG). Five practices that improve sustainability are: 
cooperation, knowing, thinking, improving and altering the judgment (Silva and 
Figueiredo, 2020). A carbon audit, especially in highly polluted industrial areas, 
such as the steel industry, can prove beneficial. However, shortcomings of the 
infrastructure, lack of expertise for carbon auditing, and a lack of capital 
investment, lead to various sustainability issues (Zhang et al., 2020a). 
Based on the review of past studies, it is clear that organisations are struggling to 
enhance economic developments while reducing the negative effects on the 
environment as a result of manufacturing activities. The literature has revealed 
have identified drivers, barriers, strategies to lower defects, appropriate material 
selection, cleaner technology usage and the use of appropriate performance 
measurement systems. While previous studies have tended to focus on the 
individual driving forces of sustainable manufacturing, the consideration of the co-





2.4 Circular Economy 
An increase in the global population created pressure on natural resources. The 
demand for food, water and energy is increasing at an exponential rate (Del 
Borghi et al., 2019). Additionally, unsustainable production and consumption are 
causing side effects, which are impacting the surrounding community and 
environment. The solution to reduce these negative effects is to shift from the 
linear economy to a CE by combining an ecological analysis to the socio-
economic system (Gao et al., 2020). Population control and development of smart 
cities and industrial parks would lead to sustainability of cities in the long run (Gao 
et al., 2020). In a CE-based system, the sustainability challenges can be 
overcome by developing a green supply chain that can balance the process 
(Avraamidou et al., 2020). A CE increases the longevity of resources; but reduces 
significantly the emissions and waste generation (Konietzko et al., 2020). From 
the literature, there is an indication that a linear economy with “take-make-
dispose” principles has created adverse effects on the triple-bottom line to an 
extreme level which forced the society to search for sustainable ways and finally 
to explore the CE principles (Julianelli et al., 2020). The CE has recently gained 
worldwide popularity due to its positive association with sustainability. Industries 
are giving attention to the CE business models (Chen et al., 2020b) as these can 
enhance economic development, bring resource sustainability and protect the 
ecology (Chen et al., 2020a). The CE is a very important topic at this point in time 
and will not lose its importance among industries, policy makers and academics 
(Alamerew and Brissaud, 2020). The key concepts behind the CE are restoration 
and regeneration; however, restoration can provide various options for circular 
practices (Morseletto, 2020b). Those organisations with an environmental 
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commitment, do switch to a CE but there are several challenges that 
manufacturers face while adopting a CE. The main challenges are initial high 
setup costs, supply chain complexity, business-to-business non-cooperation; 
inadequate information for the design of products and the manufacturing process, 
skills gaps, quality concessions, long lead times for disassembly with the related 
high costs involved in such a process (Jaeger and Upadhyay, 2020). The main 
barriers (ex-ante) of a CE to the textile and apparel industry, are the lack of both 
information and technology systems, no support from stakeholders, a lack of 
financial support, and a lack of policies to support the concept. Further barriers 
(post-ante) are the lack of a strategic plan, the lack of training and performance 
measurement systems, together with a lack of the infrastructure. However, the 
key drivers of a CE are pressures from competitors, customers and the local 
community together with the commitment of senior management (Jia et al., 2020).  
Buying of remanufactured products is not very popular among consumers; the 
joint efforts of local government agencies and industries can enhance the quality 
of products by setting up of price caps to attract more consumers 
(Pisitsankkhakarn and Vassanadumrongdee, 2020). Studies have primarily 
focused on the micro-level aspects of the CE and the adoption of various 
sustainable practices. It has been noted that CE practices are introduced 
gradually, starting from a few activities to a large number within an organisation. 
However, CE does not react to the incremental shutting of resource loops within 
the system (Aranda-Usón et al., 2020). It is essential to follow a method to 
implement a CE in cities, towns and districts. The different phases of 
implementation could include: an analysis of context, choosing a scope of 
adoption, the identification of opportunities and finally, developing a roadmap 
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(Levoso et al., 2020). From the literature, the indication is that the European steel 
industry has started implementing strategies, such as vertical hedging from a 
procurement perspective as well as horizontal hedging strategies on the end-of-
life using a recycling, refurbishing and repairing perspective (Pinto and Diemer, 
2020). Case studies are available from Finland’s Päijät-Häme area, where they 
have implemented a CE at the regional level. They followed five goals, which 
aimed to adopt a CE on practical grounds. It is important that any regulations 
need to support the adoption of a circular economy from unique solutions to 
protecting society when finishing biological loops (Vanhamäki et al., 2020). 
Commonly used circular economy strategies include: recovery, recycle, 
repurpose, remanufacture, refurbish, repair, re-use, reduce, rethink, and refuse 
options (Morseletto, 2020a). However, sustainable strategies in the earlier 
twentieth century included the popular 3R slogan i.e. Reduction, Recycling and 
Reuse (Despeisse et al., 2012). Gradually the linear economy is transforming into 
a CE where the waste is treated as an asset. The 6R (Reduce, Reuse, Recycle, 
Recover, Redesign and Remanufacture) options were indicated as a superior 
option for reusing waste rather than the 3R approach (Jawahir and Bradley, 
2016). Later, Kirchherr et al. (2017) referred to the work of Potting et al. (2017) 
about 10R (Refuse, Rethink, Reduce, Reuse, Repair, Refurbish, Remanufacture, 
Repurpose, Recycle and Recover) strategies that can be helpful to transforming 
into a CE. CE strategies are dependent on the resources and products. If the 
materials can be used for a longer period, then a closed loop strategy is 
appropriate, whereas an extending loop strategy is appropriate for materials that 
can be used intensively. If the organisation wants to make the product last longer; 
then long life loop strategies are suitable, whereas intensifying loop strategies are 
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best for products to be used more intensively (Blomsma and Tennant, 2020). To 
adopt various CE strategies, collaborative innovation is obligatory (Brown et al., 
2020). The key drivers of innovation are environment regulations and policies that 
encourage the reduction, reuse and recycling of resources (Cainelli et al., 2020). 
The eco-design regulation can force the adoption of a CE as this legal act covers 
design aspects, the availability of firmware, data and important inputs (Peiró et 
al., 2020).  
Coenen et al. (2020) proposed a CE Interface Matrix Analysis framework that 
reveals opportunities for the adoption of circular systems. Furthermore, another 
study shows that a closed loop design, business models, reverse logistics and 
system related drivers are the main foundations of CE practices (Hopkinson et al., 
2020). 
Green chemistry principles have played a pivotal role in propagating CE 
practices. Redesign, reduction, recovery, recycling and reuse principles based on 
green chemistry have proven useful for converting waste into wealth. However, to 
follow the CE model, it is essential that organisations develop collaboration at a 
cross-functional level; produce green products sustainably; develop chemical 
management systems; and train and educate workers on green chemistry (Chen 
et al., 2020a).  
The transition to a CE is a gradual process. In the initial stage when no solutions 
are present; it is better to identify problems and transform them into circular 
business opportunities. Qualitative questionnaires and a quantitative material flow 
analysis can be used as analytical tools for undertaking status reviews. 
Converting a business model to a CE business model needs the commitment and 
support of top management as it involves a major change in terms of the value 
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proposition of the organisation and capability enhancement. At stage two, when 
solutions are on hand, the main work is to consider each solution to select the 
right one to create a business model. Both life cycle costing and life cycle costing 
tools can be useful in eliminating the non-favourable solutions, while corporate 
issues and external factors influence the selection of a solution. A business risk 
assessment is also a good tool that considers the transformation goals of each 
time horizon and all the factors to provide a low risk solution. After the adoption of 
the best solution, the last stage is a performance assessment possibly using a life 
cycle analysis tool (Chen et al., 2020b). Salvador et al. (2019) also emphasised 
the need for the support of top management as it plays a critical role in the 
success of a circular business model. Another study shows that a circular CE 
strategy can be determined by a product level analysis. Various contexts and its 
impact on the ecology need to be considered, for instance, product sharing can 
be suitable for sturdy and uncommonly used products. On the other hand, it can 
cause an increase in transportation costs for collecting the shared stock. 
Likewise, different strategies can be adopted depending on the nature of the 
product, whether these are consumable or durable, active or passive, useful for a 
full technical lifetime or discarded before being worn out, frequency of use and 
whether it still functions at the end of use (Böckin et al., 2020). 
With an increasing demand on food, it is necessary to adopt a CE business 
model in the food supply chain. This is the only way to handle problems of food 
waste, convert this into feedstock, to up-cycle in an industrial symbiosis (Borrello 
et al., 2020). In the agri-food sector, innovative business models are required for 
transitioning to a CE (Donner et al., 2020).  
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A greater focus is required on reverse logistics and collaborative relationships 
with suppliers and customers. Innovative marketing strategies and new 
organisation structures are required to support CE practices (Donner et al., 2020). 
A good performance of green logistics encourages a CE and helps with the 
economic growth of the country (Karaman et al., 2020). Collaboration among 
supply chain members in the supply chain network positively influence 
environmental performance (Hussain and Malik, 2020), just as collaboration with 
other companies can help in enhancing innovation for circularity (Konietzko et al., 
2020). Reverse logistics supports circular inputs and circular flows (Julianelli et 
al., 2020), which then play a strategic role in the recovery of used products at the 
end of their life so that circular systems can be applied. Currently, there are many 
problems surrounding battery-recovery, such as ethical issues related to the 
removal of the old car battery; the non-availability of the framework covering 
supply chain emissions; a weak CE strategy related to their sales and distribution; 
the non-availability of consumers for end-of-first-life batteries; and a poor 
infrastructure that leads to poor research and development (Bonsu, 2020). 
However, it is not far off when remanufacturing will open a potential market for the 
recovery of electric vehicle batteries (Alamerew and Brissaud, 2020). However, 
researchers must not undermine exploring consumer behaviour as it is a critical 
factor in a CE (Parajuly et al., 2020). End-of-life vehicles are another waste 
management headache as huge volume of waste are generated every year 
(D'Adamo et al., 2020). To achieve the SDG of the United Nations, it is of utmost 
importance to explore every single sustainability alternative, especially in the 
areas of waste management and electricity (Khan and Kabir, 2020). The waste 
management sector requires significant reformation to comply with the CE 
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(Luttenberger, 2020). Plastic waste disposal is a major problem globally but by 
developing an industrial network, can prove helpful. Additionally, the exploitation 
of thermo-chemical processes to develop products using plastics can be an 
effective circularity solution (Mastellone, 2020). In the photovoltaic sector, by 
using life cycle symbiosis, circularity can be improved (Mathur et al., 2020). A 
modular energy infrastructure enables a CE (Mignacca et al., 2020). Circular 
strategies are also extended to the water softening industry (Micari et al., 2020). 
Innovative solutions can aid in the sustainability of the CE. Kokkinos et al. (2020) 
proposed a decision-making framework to guide the decision-makers to transition 
to the sustainable energy of decarbonisation. In Thailand, people are using bio-
based cups, manufactured from sugarcane, for drinking beverages instead of 
plastic cups. This can lower the use of energy and reduce emissions, which were 
incurred for making the petroleum based plastic cups (Changwichan and 
Gheewala, 2020). Another example of CE practice is from the red meat industry 
where the use of tallow for the generation of biodiesel and to capture the methane 
gas, which is produced from the onsite waste water treatment plant for electricity 
and use of biomass for thermal energy generation. A life cycle analysis (LCA) tool 
can be used to find alternative options as well (Colley et al., 2020). From the 
generation of energy from wind, it is proposed to reuse extracted carbon fibre to 
enable circularity practices (Hao et al., 2020).  
Seven factors, such as salary levels, consolidation capabilities, business models, 
legislation, supply chain capabilities, utilised resource loops, and the homogeneity 
of returned products, are impacting the financial aspects of the return of end-of-
life products. These seven factors affect the business performance either 
positively or negatively (Bockholt et al., 2020). The return of end-of-life products is 
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a key function of the CE. In the literature it has been found that one of the main 
challenges in the CE is financial non-viability (Moktadir et al., 2020). Early 
adopters of the CE experience high costs as the prime hurdle to overcome (Mura 
et al., 2020). Profitability is an important criterion in CE practices. Life cycle 
costing can be a very useful tool in measuring the profitability to assess if other 
options are functionally equal and if these will add the same value to the 
customer (Kambanou and Sakao, 2020). 
Circularity can be measured at the micro level (product); meso level (inter- 
company) and macro level (regional). The commonly used micro level indicators 
are Material Circularity Indicator, Granta Design, Circular Economy Index and the 
Reuse Potential Indicator. There are limitations to the Material Circularity 
Indicator, which can be overcome by the use of a Product Circularity Indicator 
(Bracquené et al., 2020). The macro level indicator includes a Material Flow 
Analysis. There is no assurance that basic strategies, such as recycling as 
proposed by various researchers, will really work in favour of the CE (Desing et 
al., 2020). 
Daou et al. (2020) proposed a unique tool, named Ecocanvas, which can add 
value to the CE. This tool is important for customising sustainability and circularity 
by managing the triple bottom line of sustainability more effectively while adapting 
to the company environment. Da Costa Fernandes et al. (2020) proposed forty-
six ways that can aid in a circular design and provide a product-service system, 
offering value from the perspective of a novelty business model. A study 
conducted in Italy shows that organisations of various sizes, have started the 
journey of transforming from a linear to a CE. The findings indicated that recycling 
practices are very popular among most firms. Other practices, such as repair, 
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reuse and remanufacturing are practiced, mainly by the smaller firms. Culture 
plays a very interesting role among these firms in the diffusion of circular 
economy principles, in minimising wastages and maintaining the value of 
products. This will help to explore other opportunities apart from recycling 
(Ghisellini and Ulgiati, 2020).  
Henry et al. (2020) proposed a CE strategy for start-up firms Future research on 
the CE needs to be firstly extended on the process level, and secondly on a 
larger scale to consider the entire system (Giama and Papadopoulos, 2020). The 
CE is a path to achieve sustainability. However, policies related to the CE need to 
be developed. These must be more robust and provide set manufacturing 
standards, outline norms for the procurement within the CE, for subsidies and 
waive off tax for items manufactured using the CE principles, use of virtual 
platforms for waste trading, and promoting eco-industrial business parks (Hartley 
et al., 2020). Momete (2020) proposed a tool that can be used by decision-
makers to identify good and bad practices that can be exploited to speed up the 
transformation of the European Union to a CE. The journey of transformation from 
a linear economy to a sharing economy requires radical changes in both process 
and product developments. Many companies have developed a strategy for the 
sharing economy-based operations to further develop the ability to integrate a CE 
(Jabbour et al., 2020). The customisation of products was found to be a barrier in 
the adoption of different CE measures (Kambanou and Sakao, 2020). The 
literature indicates that digital technologies have the potential to unlock a sharing 
economy, especially from the point of view of product development (Jabbour et 
al., 2020). In the context of the mining industry, flexible and advanced 
technologies enable the reduction, reuse and recycling options for circularity 
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(Pactwa et al., 2020). The development of online platforms (Konietzko et al., 
2020) as well as the development of dynamic capabilities can positively aid in the 
adoption of a CE. A CE is a great strategy to attain corporate sustainability (Khan 
et al., 2020b). Organisations need to explore opportunities based on the micro 
foundations of sensing, seizing and reconfiguring dynamic capabilities to 
successfully operationalise the strategies for a CE (Khan et al., 2020a).  
Various environmental competencies, such as environmental management 
systems (EMS), corporate social responsibility (CSR), reporting and 
accountability and other environmental accounting practices are used by 
organisations to develop ecological capabilities and enhance the practices of a 
circular economy. Circularity is dependent on the level of capabilities, and 
influences the environment and economic performance of the organisation 
(Scarpellini et al., 2020). Transformation to a circular product system needs the 
alteration of business models, by means of unique value offerings (Lieder et al., 
2020). Businesses see a CE as a sustainability opportunity as it is a source of 
value creation for them (Mura et al., 2020). 
 
Phase 9-Using evidence into practice 
 
2.5 Big Data Analytics-Artificial Intelligence (BDA-AI), Sustainable 
Manufacturing and Circular Economy 
Artificial intelligence was introduced in the 1950s and since then, it has witnessed 
several ups and downs (Baryannis et al., 2019). The I4.0 era has seen a growth 
in computational aspects and an increase in the accessibility of big data, which 
has further renewed interest in the area of AI (Wamba et al., 2015; Baryannis et 
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al., 2019). When managing supply chain risks, AI has proven its effectiveness 
(Baryannis et al., 2019). A biobliometric analysis of AI resulted in the emergence 
of various clusters such as a) AI and optimisation; b) industrial engineering and 
automation; c) operational performance and machine learning; d) sustainable 
supply chains and sustainable development; e) technology adoption and green 
supply chain management and f) Internet of things and reverse logistics (Dhamija 
and Bag, 2020).  
The expert systems were popular up to 2000, followed by the rise of smart 
systems and data mining during the 2010s. Additionally, big data and high 
computing power have made AI more powerful in the recent years (Duan et al., 
2019). AI has returned with more opportunities in this I4.0 era (Lee et al., 2018). 
Selz (2020) has rightfully pointed out that insights created from the analysis of big 
data together with AI will become the new control system in the organisation. AI 
and machine learning provide various benefits, such as the lowering of costs, the 
enhancement of quality and quick responsiveness (Kim, 2019; Pettersen, 2019; 
Lee and Shin, 2020; Munoko et al., 2020). The prerequisites for the adoption of 
AI, include proper planning and a long term AI vision; senior management 
support, human resources, technological infrastructure, customer support and the 
right organisation strategy (Kim, 2019). 
The six building blocks of AI are a) structured data, b) unstructured data, pre-
processes (natural language understanding and computer vision), c) main 
processes (i.e., problem solving, reasoning and machine learning), d) knowledge 
base and e) information (natural language creation, image creation and robotics) 
(Paschen et al., 2019). 
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Big data is characterised by “7v”s: volume, variety, veracity, value, velocity, 
visualisation and variability. Companies face various big data challenges (data- , 
process- and management challenges) and these can be overcome through the 
application of the BDA methods, such as descriptive- , predictive- and prescriptive 
analytics (Sivarajah et al., 2017). Big data is generated from various sources 
(web, social media, ERP systems and cloud platforms) and in various formats 
(text, graphic, audio and video clips). Siddiqa et al. (2016) proposed a flow for the 
big data management process: big data sources; network management; storage 
management; pre-processing; processing; prediction and decision-making. They 
also provided a taxonomy for big data management that involves data storage 
(clustering, replication, indexing), pre-processing (transmission, cleansing) and 
processing (classification, prediction). 
The techniques used mainly for data analytics are statistics, machine learning, 
data mining and optimisation (Choi et al. 2018). Statistics help to identify data 
relationships; minimise data requirements and computational time; and support 
data mining. Machine learning deals with the behaviour of systems and also 
supports data mining. Data mining techniques extract key information from data, 
while optimisation techniques can find the best solution in an analytical model 
(Choi et al., 2018; Dhaenens and Jourdan, 2019). Structured big data are 
heterogeneous in nature. New tools are needed to handle predictive analytics 
related to structured big data (Gandomi and Haider, 2015). Companies adopt 
strategies for BDA, such as a) breaking the big data into smaller units and 
deciphering these one by one; b) data processing using various parallel and 
distributive computing in multiple processors; c) referring new cases as a basis to 
enhance machine learning algorithms gradually; d) using statistical inference 
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through processing of samples; e) selecting a subset from a big dataset to 
symbolise its central characteristics; f) use fuzziness methods to handle missing 
data; g) ensuring that the computing method is scalable to overcome big data 
problems; and h) using heuristics to identify near optimal solutions (Choi et al., 
2018).  
All the following are essential for a data scientist: forecasting, optimisation, 
estimation and sampling, calculating opportunity costs, estimating functions 
relating independent variables to dependent variables, using the probability 
theory with actual data to estimate the expected value of random variables of 
interest, quick designing and execution of discrete event simulation models, 
capital budgeting, managerial accounting, and marketing related skills are 
(Schoenherr and Speier‐Pero, 2015). 
Big data has proven immensely useful in the business management field, 
especially in the area of forecasting, inventory, financial management, marketing, 
logistics and supply chain management and the analysis of risks (Choi et al., 
2018; De Caigny et al., 2020). 
The explosion of data has brought new opportunities for the designing and 
management perspectives of cities. Processing of big data through AI can 
enhance urbanisation and sustainability (Iqbal et al., 2018; Allam and Dhunny, 
2019).  
Entrepreneurial orientation boosts firms to use BDA-AI capabilities to improve 
their operational performance (Dubey et al., 2019c). AI can enable a system to 
assimilate data and gain knowledge from such data, which can then be further 
used to accomplish certain objectives and jobs (Haenlein and Kaplan, 2019). The 
adoption of BDA will drive an AI application to production. Sensor technologies 
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and IoT on the shop floor can capture big data related to production. Job 
remaining time during production can be estimated with deep learning application 
using big data sets (Fang et al., 2019). Big data technologies can be used for 
managing a product lifecycle (Liu et al., 2020). Zhou et al. (2019) indicated that 
BDA-AI can drive intelligent manufacturing. AI and big data have proven to be 
useful in smart entrepreneurship (Obschonka and Audretsch, 2019). Future 
organisations will be shaped by the BDA-AI and firms will succeed in these 
dynamic times by using AI-based metrics while also safeguarding the human 
component (Sahota and Ashley, 2019). However, Todolí-Signes (2019) pointed 
out the dark side of BDA-AI-based applications in human resources management. 
A BDA-AI application can process employee information in a well-organised 
manner and at a far cheaper rate than in the past. This can help to create profiles 
of employees and easily terminate services of unwanted employees. This 
involves the risk of unfairness toward employees making them vulnerable, without 
them knowing the reason behind such decisions.  
Yablonsky (2019) proposed a framework that companies can use to understand 
the data-driven human-machine relationships while applying AI. 
The bright side of BDA is the ability to provide rich insights for decision-making 
and change strategy accordingly in this volatile business environment. Descriptive 
data analytics provides capacity to the organisation to have a sense of the 
business context, while predictive analytics helps to seize business opportunities 
(Van Rijmenam et al., 2019). Big data have the capability to change the supply 
chain design and the way companies manage the traditional supply chain (Waller 
and Fawcett, 2013). BDA-AI will open up sustainability opportunities in the 
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production domain and enhance CE capabilities (Nobre and Tavares, 2017; 
Tseng et al., 2018; Jabbour et al., 2019). 
 
2.6 Research Gaps 
The review of literature yielded three noteworthy gaps which has been discussed 
below. 
Firstly, available literature failed to explain the relationship between institutional 
pressures, resources and the adoption of big data analytics powered artificial 
intelligence adoption in South African manufacturing firms.  
Secondly, existing literature did not shed any light on the relationship between big 
data analytics powered artificial intelligence adoption and sustainable 
manufacturing and the development of circular economy capabilities among 
South African manufacturing firms.  
The first and second gap creates an opportunity to conduct further empirical 
survey-based research to examine the referred associations in context to South 
Africa. 
Thirdly, previous researchers did not examine the detailed business processes of 
South African manufacturing firms to further understand the sustainable 
manufacturing processes in context to the circular economy.  
This third research gap further creates a research opportunity to consider a case 
company and explore if the manual business processes could be substituted with 





2.7 Chapter Summary 
This chapter presents a review of existing literature. Some interesting findings were 
presented. The literature review indicated various key drivers, barriers, challenges 
and opportunities in sustainable manufacturing and CE. Also, many important factors 
such as human factors, resources and capabilities have emerged from this review. 
Finally, the review findings that are reported are the foundation stone for the 

























This chapter discusses the research strategy adopted for answering the three 
research questions. This research study is divided into two parts: phase I and 
phase II. Further, a mixed method research approach was adopted to solve the 
questions. Phase I of the study aimed to answer the first and second research 
questions, whereas phase II of the study aimed to answer the third research 
question (Refer Figure 3.1). 
A mixed method approach integrates quantitative and qualitative research 
techniques into a single study (Flint et al., 2012). It is an innovative form of 
research, which can eliminate problems associated with either qualitative or 
quantitative methods (Johnson and Onwuegbuzie, 2004). Mixed methods provide 
an approach in generating key questions and present reasonable answers to 
such questions (Johnson et al., 2007). This approach is gaining popularity and is 
accepted in various disciplines (Cameron and Molina-Azorin, 2011). The 
quantitative aspect in this study was the empirical survey of data collection and 
structural equation modelling. The qualitative part was the case study and 





Figure 3.1: Research strategy 
Source: Own compilation 
 
3.2 Research Design for the Empirical Study 
An empirical study means gathering knowledge from real world observations or 
experiments (Flynn et al., 1990). Empirical research is field based research that is 
done by collecting data from naturally occurring events. Field data can be useful 
for building a baseline for a longitudinal study and for developing parameters and 
distributions for mathematical modelling and simulation studies. In the field of 
operations management, empirical data is very useful for building and verifying 
theory using five key steps (Flynn et al., 1990).  
The first step deals with developing the theoretical foundation of the study. In this 
study, the theory of Institutional Theory and Resource Based View was used to 
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develop the theoretical foundation. This study examined a research problem, 
which involved theoretical verification. 
The second step involved the selection of a research design that was appropriate 
for both the research problem and the theoretical foundation of the study. The 
study focused on a survey-based research design, which is a commonly used 
method in management research. 
 
 




The third step is the selection of the method to collect data, which can involve one 
or more methods. In this study, a structured questionnaire was considered for the 
purpose of data collection. A large number of factors may cause bias in a survey-
based research using questionnaires. Therefore, prior to commencing the survey 
it is important that the researcher design a reliable questionnaire consisting of 
valid constructs.  
The fourth step includes the collection of data. Identifying the population, 
selecting the sample, carrying out a pilot survey, distributing the questionnaire by 
email, the final survey, and data capture.  
The fifth step is the selection of appropriate statistical tools to analyse the data. 
The key focus in theory verification research is testing the hypotheses to within a 
specified level of confidence. In this study WarpPLS software was used to 
perform the testing of the hypotheses. 
  
3.2.1 Instrument Development 
The instruments used in this work were selected based on previous studies after 
performing the literature review (refer to Table B1). The structured questionnaire, 
based on a 5-point Likert scale was discussed with three academic experts 
before engaging in the pilot survey among 40 business executives in South 
Africa. The control variables for this study were the size of the firm and the 
industry. The size of the firm was determined by the number of employees in the 
organisation; the bigger the firm, the greater the number of employees. The 
resource levels and capabilities are greater in larger firms. Business practices 
vary from industry to industry; therefore, the industry was used as a control 
variable (Gunasekaran et al., 2017). 
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3.2.2 Instrument Reliability and Validity 
The questionnaire design plays a crucial role in the success of any survey 
research study. Therefore, it is important to check the reliability of the instrument 
to ensure that the collected data is fit for further analysis. Researchers need to 
ensure that the degree of reliability is high and it must measure what it aims to 
measure, even when the same instrument is used numerous times (Hair et al., 
1995). Secondly, validity criteria are essential because these reflect if they really 
measure what is declared to have been measured (Hair et. al., 1998). 
 
3.2.3 Sampling Strategy and Data Collection 
Various factors must be considered when deciding the sample size for use in the 
survey as it involves time, costs, the nature of the study, samples chosen in 
previous work and other constraints. In this study, 214 companies were selected 
from the database of the National Association of Automotive Component and 
Allied Manufacturers (NAACAM) and National Association of Automobile 
Manufacturers in South Africa (NAAMSA). From each company, two potential 
respondents who worked in managerial positions were selected. South Africa is 
an emerging economy and recently many activities related to BDA-AI based 
technological applications were noticed in this automotive sector. In 2016, the 
automotive and related component manufacturing companies accounted for 33% 
of this country’s production output. This sector also contributed approximately 
7.4% to the Gross Domestic Product (GDP) and was considered as an important 
sector for economic growth and therefore, suitable for this research study. Google 
forms were used to collect the data. Therefore, a convenience sampling process 
69 
 
was adopted to select the respondents as this method is cost efficient and not 
time consuming like other sampling methods.  
 
3.3 Research Design for the Case Study 
“A case study is an empirical inquiry that investigates a contemporary 
phenomenon within its real-life context, when the boundaries between 
phenomenon and context are not closely evident; and in which multiple sources 
of evidences are used” (Yin, 1984). 
Case study research is a popular choice of methodology in the area of 
management. However, it needs to be performed in a scientific manner so as to 
ensure a high measurement of reliability and theory validity (McCutcheon and 
Meredith, 1993). Researchers must focus on increasing the generalisability in 
case-based studies (Meredith 1998; Voss, 2010). 
Stuart et al. (2002) provided a five-step process of conducting case-based 
research, including defining the research question, developing the instrument, 
collecting and analysing the data and disseminating the results. 
Three different types of case studies are commonly used by researchers; these 
are descriptive case studies; explanatory case studies and exploratory case 
studies (Yin, 1984). These are explained below: 
 
 Descriptive: This is mainly centered on a description of a phenomenon. 
Previous theories help in identifying the variables to be studied and described. An 
example of a question for a descriptive case study could be: How to describe 
business process optimisation, based on automation in a company that practices 
sustainable manufacturing and circular economy? 
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 Explanatory: This focuses on a phenomenon as evidence to prove theory. An 
explanatory case study explores the reflection of theories and hypotheses to 
make a contribution to the theory. For example, an explanatory case could 
explain how to effectively perform optimisation using an automated business 
process; based on the theoretical assumption that business process automation 
impacts the performance of the circular economy. 
 
 Exploratory: This method can be applied anytime when the given phenomenon 
is new and mostly unknown. There is a lack of theories to formulate hypothesis-
ex ante investigation. In this type of study, the field work and data collection are 
undertaken prior to the final acceptance of the questions and hypotheses since 
the major features of the case are uncertain. For instance, an exploratory case 
study could be used to investigate how to perform business process automation 
in digital startups operating in a dynamic and disruptive context. 
The current research study described the I4.0 based digital business process 
model in the firm manufacturing automotive parts using sustainable 
manufacturing practices for the purpose of optimisation.  
The purpose of the study was to investigate how these manufacturing firms 
performed their process of business model automation, which is intended to 
create value for supply chain partners to be sustainable in this dynamic business 
environment. The reason for investigating this problem by means of a case study 
was due to the fact that business process automation in manufacturing firms is a 
contemporary and complex phenomenon fully rooted in its context. Secondly, the 
phenomenon should be observed by integrating various sources of information 
and evidence.  
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The problem for this study required a descriptive case study as there is theory 
available on I4.0 implementation in manufacturing firms, and hypotheses were 
also available for testing. 
To rigorously and soundly apply case studies as a research method, a set of 
steps must be followed; these are listed below:   
 Setting the problem: The business problem needs to be aligned with the 
research problem. The research idea must be practical and logical. The 
fundamental question is “Are my ideas interesting to anyone?”. 
During the first phase that encompasses the definition of a problem, there are a 
number of aspects that need to be addressed. Firstly, the significance of the topic 
in question is important. The theoretical relevance and its broader practical 
impact for individuals and society must be considered. Another important aspect 
is the novelty of the topic. The third aspect that needs to be taken care of is the 
curiosity, since catching and holding the reader’s attention is essential to 
stimulate a fruitful discussion around the study. Then the scope of the problem 
should be defined to catch a wider net. The best topics are said to fully and 
comprehensively sample the landscape, in a given domain, thus appealing to a 
broad group of people and organisations. Lastly, a topic should be actionable as it 
should offer insights for managerial or organisational practices. 
 
 Defining objectives: This step involves describing the research objectives. The 




 Framing the analysis in extant theories: This step involves selecting and 
adopting the theories to investigate and interpret the case. The fundamental 
question is: “What is the role of the extant literature in my study?”. 
 
 Defining the methodology: This step involves deciding the units of analysis, 
selecting relevant cases, data collection, the analysis of the data, and interpreting 
the findings.  
 
 Evaluation of the case study and assessing the role of the theory is the final 
step. 
 
3.4 Research Design for Simulation 
Simulation is an alternate method for performing research studies. The other 
popular techniques are empirical and case-based studies. Simulation starts with 
explicit assumptions from which the output is derived. A simulation process also 
includes induction, which considers the use of experimentation (different 
scenarios) to study the links between the observed variables. Simulation is a 
beneficial tool in cases where the variables/conditions are analytically inflexible 
under a deductive method and where an inductive method faces issues due to 
non-availability of data. Simulation is a cost-effective method for running 
experiments, which would otherwise be costly to perform the same experiment in 
real world settings. Simulation can therefore be performed without any heavy 
expenses. Furthermore, based on the output, the suggested improvements can 
be immensely useful for practitioners and policy makers. Simulation should be 
used when the variables and conditions under investigation are not simple and 
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multiple links are existing among the variables. This technique is gaining 
popularity, not only in engineering research but also in business research, 
because it allows for flexibility in designing experiments. Simulation can save 
time, lower costs, provide easy control of experiments, and openness; these have 
made it a popular tool of choice among researchers in modelling of business 
processes and to assess operational results (Haapasalo and Hyvönen, 2001). 
In this study, the business functions, such as marketing and sales; procurement, 
manufacturing logistics and finance, were modelled in Visio, showing the links 
between all processes. Furthermore, Anylogic software is used to run a 
simulation and to examine various scenarios to see the effect of I4.0 
technological enablement on business process optimisation. 
 
3.5 Chapter Summary 
This chapter presented the three research strategies adopted for answering the 
three research questions. The next chapter presents the building of the 













THEORETICAL FRAMEWORK AND HYPOTHESES DEVELOPMENT 
 
4.1 Introduction 
The literature review helped to identify key variables, which were aligned with the 
research objectives, to further develop the theoretical framework for this study.   
 
4.2 Institutional Theory 
Institutional theory (INST) works with resilient dimensions of a social system. It 
covers the norms and policies that are set as an authoritative directive for social 
actions (Scott, 2004). INST was used by previous researchers such as Kondra 
and Hinings (1998) on organisational diversity; Kostova et al. (2008) in 
multinational corporations; Zhu et al. (2013) in the area of green supply chain 
management (GSCM); and Dubey et al. (2019b) in big data management.  
Scott (2005; 2008) and Weerakkody et al. (2009) discussed the progress of INST, 
while Powell and Colyvas (2008) discussed the micro foundations of INST. It is 
argued that institutional pressures (coercive, normative and mimetic pressures) 
force manufacturing companies to acquire resource sets (tangible resources and 
workforce skills) and furthermore, configure them to aid in the adoption of I4.0 
technologies (big data analytics powered by artificial intelligence) (Dubey et al., 
2019b). 
 
4.3 Resource Based View Theory 
The resource based view (RBV) theory articulates the relationship between 
resources, capabilities and a competitive advantage (Barney, 1996, 2001). The 
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fundamentals of RBV suggest that firms must configure resources in such a way 
that these can build capabilities for sustaining a competitive advantage (Hart, 
1995). On the other hand, it should not allow competitors to imitate such 
resources. The basic attributes of resources are the need to be worthy and not 
easily replicable. The valuable dimension of resources makes it more complex 
and exceptional. Such a set of resources facilitates in building capabilities related 
to key business areas (e.g., technology, marketing and distribution, and 
operations). These capabilities ultimately determine the competitive advantage of 
the firm. Therefore, it is clear that the lowest unit of RBV theory are resources.  
Skills of the workforce can fall under tacit resources, which are not visible as they 
are achieved through continuous practice and improvements (Hart, 1995). In this 
I4.0 era, the knowledge of BDA and AI proves to be a tacit resource as the 
application depends on the skills of the workforce. These skills include 
programming and data analytics. These resources can be considered as socially 
complex as they depend on a group of employees involved in the coordination 
with a small number of experts, who have in-depth knowledge to explain the 
entire process to the team. Tangible resources, such as big data management 
infrastructure, technological resources (Hadoop for data processing, data 
visualisation tools and cloud-based services) and basic resources (funds) are 
essential for the execution of a BDA-AI project (Iqbal et al., 2018; Dubey et al., 
2019a). In this study, the author argued that external driving factors (institutional 
pressures) force firms to configure key resources (tangible resources and 
workforce skills) to develop BDA-AI capability and gain a competitive advantage 
(lowering costs, sustainable manufacturing and circularity). Ravichandran and 
Lertwongsatien (2002) have worked in similar areas; drawing upon a RBV theory 
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explained that resources are an integral part of information systems and have the 
potential to impact the performance of firms.  
 
4.4 Theoretical Framework 
In summary, while the effect of external forces was drawn from INST, and the 
effect of resources on BDA-AI was drawn from RBV theory to scrutinise the links, 
key gaps do exist in the literature. Firstly, the literature review indicated various 
external forces and resources and their direct effect on BDA, while the 
relationship between BDA-AI resources and capabilities have not been 
investigated. Additionally, the effect of BDA-AI on sustainable manufacturing and 
circular economy capabilities, is under-researched. The objective of this study 
was to contribute to the increasing body of knowledge of big data and the 
outcomes of sustainability research by creating a theory that closes the gap in the 
literature. The amalgamation of the BDA-AI, sustainable manufacturing and 
circular economy literature was done to create a theoretical model that showed 
relationships between institutional pressures, resources and capabilities, BDA-AI, 
sustainable manufacturing and the circular economy. The theoretical model is 





Figure 4.1:Theoretical framework 
 
Source: Adapted from Dubey et al. (2019b) 
 
4.5 Hypotheses Development 
This section presents the research hypotheses proposed for this study. The 
seven research hypotheses were derived from the preceding discussion. 
 
Institutional pressures and tangible resources 
Organisations fail to achieve desired performance levels if they do not act 
timeously act against the institutional pressures (Aydiner et al., 2019). Institutional 
Theory embraces the deeper and more resilient aspects of social structure. 
Institutional pressures are three types; coercive pressures (pressures from 
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government agencies, regulations, DTI policies, pressure from industry 
associations); while normative pressures originate from professionalisation; and 
mimetic pressures arise from the tendency of firms to imitate others (DiMaggio 
and Powell, 1983). Tangible resources are classified under data connectivity, 
technology and basic resources (Dubey et al., 2019b). Coercive pressures (CP), 
normative pressures (NP) and mimetic pressures (MP) have a positive 
relationship with tangible resources. This is supported by the study of Dubey et al. 
(2019b).  
Pressures from the Government, DTI and other statutory bodies, have enforced 
certain rules and regulations to protect data for safe usage, and to use data within 
the boundary of the regulatory norms. Government interventions (such as tax 
reduction, training of the public, creating an awareness programme, a pilot 
scheme); and creating suitable I4.0 standards and a technology friendly 
environment, is important from a sustainability point of view (Lin et al., 2018). 
Additionally, CP is found to support the development of tangible resources, such 
as an I4.0 infrastructure; to support companies with funding for I4.0 and advanced 
manufacturing initiatives. Companies follow the national level policies to develop 
tangible resources for advanced technological applications, and apply for a 
special I4.0 project grant and other associated benefits (Dubey et al., 2019b). 
Therefore,  
H1a: Coercive pressures have a positive relationship with tangible resources. 
 
From the literature, pressure from suppliers and customers are responsible for 
developing tangible resources related to I4.0 (De Man and Strandhagen, 2017). 
Suppliers and customers dealing with focal companies that lack a suitable I4.0 
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infrastructure and other resources, will not be able to develop vertical and 
horizontal integration, which is an essential part of I4.0 architecture and the 
creation of a big data driven platform (Telukdarie et al., 2018). Therefore, 
noncompliant businesses will lose technologically advanced suppliers and 
customers thus, creating a disruption in the supply chain. 
Therefore,  
H1b: Normative pressures have a positive relationship with tangible resources. 
 
The literature indicated that competitors can create pressure for the development 
of tangible resources related to BDA-AI (Lin et al., 2018). Competitors having 
tangible resources to develop BDA-AI capabilities can easily outrun other 
companies in the industry due to gaining a competitive advantage (De Sousa 
Jabbour et al., 2018a).  
Therefore,  
H1c: Mimetic pressures have a positive relationship with tangible resources. 
 
Institutional pressures and workforce skills 
An I4.0 technological launch requires precise knowledge, financial resources, up-
gradation of skills and creating an open-minded and flexible culture in the 
organisation (Veile et al., 2019; Zangiacomi et al., 2020). The main data analytics 
techniques are statistics, machine learning, data mining and optimisation (Choi et 
al., 2018). Workforce skills (WS) include the technological skills, including data 
analytics skills and soft skills (coordination, communication skills) (Akhtar et al., 
2018; Wade and Hulland, 2004; Waller and Fawcett, 2013). Coercive pressures, 
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normative pressures and mimetic pressures have a positive relationship with 
workforce skills (Dubey et al., 2019b).  
A skills shortage can negatively impact the industry and society (Dhamija and 
Bag, 2020). The Skills Development Act in South Africa aims to empower the 
skills of the local workforce. It is important for South African firms to implement 
Broad-Based Black Economic Empowerment (BBBEE) to create a pool of skilled 
human resources for the growth of the economy. Without a valid BBBEE score, 
South African firms cannot do business with local private companies or with 
Government firms. Skills are a key element in BBBEE and comprise 25 scoring 
points. Companies must submit a workplace skills plan, an annual training plan 
and other statutory training plans for claiming points to avoid a drop in a BBBEE 
level. Companies are expected to spend six percent of the taxable payroll (tax on 
skills development) on training (BEE online). Customers are willing to do business 
with suppliers having a high BBBEE score, while suppliers are under pressure to 
maintain the scores by investing in workforce skills development programmes. 
Coercive pressures have a significant effect on human skills and are found to be 
the strongest institutional driver in the South African context.  
Therefore,  
H2a: Coercive pressures have a positive relationship with workforce skills. 
 
The literature indicates that normative pressures positively influence workforce 
skills (Dubey et al., 2019b). Again, suppliers and customers are willing to do 
business with such focal companies that have a high level of workforce skills, 
since it provides two advantages; firstly, a high BBBEE score and secondly, good 
quality workmanship will provide a reason to remain with such businesses. 
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Companies in South Africa are spending millions of Rands every year on training 
programmes to upgrade workforce skills and satisfy both the suppliers and 
customers. 
Therefore,  
H2b: Normative pressures have a positive relationship with workforce skills. 
 
The literature indicates that MP arising from competitor activities can influence 
workforce skills (Dubey et al., 2019b). Competitors’ activities related to the 
adoption of innovative teaching methods that include off site and onsite training 
aim to upgrade workforce skills by preparing employees in I4.0 to provide a 
competitive edge over other companies operating in the same industry. It is 
important that every firm prepares their workforce according to I4.0 requirements 
to remain competitive in the industry. 
Therefore,  
H2c: Mimetic pressures have a positive relationship with workforce skills. 
 
Tangible resources and adoption of big data analytics powered AI 
Tangible resources (TR) are classified under data connectivity, technology and 
basic resources (Dubey et al., 2019b). An infrastructure for sensors and wireless 
networks is required to implement BDA-AI. Companies need to invest in 
developing a big data management system to enable data collection, storage, 
processing and interpreting the algorithm output. Tools and methods, such as 
Hadoop, play a key role in big data management. However, resources must be 
available to handle such programming (Katal et al., 2013). TR have a positive 
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relationship with the adoption of big data analytics powered by AI. This is 
supported by the study of Dubey et al. (2019 b,c). 
Therefore,  
H3: Tangible resources have a positive relationship with the adoption of big data 
analytics powered AI.  
 
Workforce skills and adoption of big data analytics powered AI 
The advancement of I4.0 technologies, such as AI and the IoT, has automated 
various medium skills and high skills jobs leading to big changes in the labour 
requirements (Marengo, 2019). This has created general fear among people 
concerning job losses in the digital age. It is important that organisations consider 
the well-being of the employees and labourers during this digital transformation. A 
practical solution to the job insecurity problem is to adopt a proactive approach to 
adapt to I4.0 technological changes in the firm and prepare for the digital 
transformation (Nam, 2019). Digital transformation will necessitate changes in the 
human aspect of the system. Depending on the industry sector, it will call for new 
competencies with new sets of skills leading to a change in job profiles. The 
technical skills requirements will include expertise in programming, BDA, robotics 
and the maintenance of smart systems. The soft skills will include continuous 
learning, innovative and critical analytical thinking (Jerman et al., 2020). Operator 
and workstation interaction in the smart manufacturing environment, is critical 
from the perspective of operations. Key measures, such as operator health and 
safety, and work satisfaction must be considered from a sustainability perspective 
(Golan et al., 2019). From the literature, it is indicated that training is a critical 
factor for I4.0 success. Without adequate I4.0 training, it is likely that the project 
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managers will experience project failures. Also, it is necessary to obtain the 
support of an external consultant for their advice during the implementation of an 
I4.0 project (Moeuf et al., 2020). The literature reveals that learning capabilities 
play a mediating role in attaining a high level of operations performance. 
Therefore, firms that focus on learning and knowledge sharing can achieve huge 
benefits in this digital age (Tortorella et al., 2020). Digital readiness necessitates 
small and medium enterprises to exploit data analytics and build knowledge and 
decision support systems; and secondly to invest in human resources for training 
and skills development. Workforce skills must have the knowledge to handle the 
evolving nature of BDA-AI. As rightly pointed out by Waller and Fawcett (2013) 
data science is the combination of qualitative and quantitative techniques to 
answer problems and calculate results. Domain knowledge is important to solve 
big data problems. Also, knowledge of statistics, forecasting, optimisation, 
discrete event simulation, probability, data mining and analytical mathematical 
modelling are essential for managing BDA-AI (Waller and Fawcett, 2013). I4.0 
adoption requires precise knowledge, up-grading of skills and creating an open 
minded and flexible culture in the organisation. Furthermore, it is important to 
conduct proper planning, cooperate with outside stakeholders, data management, 
data security and have an adaptable organisation structure (Veile et al., 2019; 
Zangiacomi et al., 2020). Advanced, flexible and adaptable human-machine 
interfaces will enhance operations and increase productivity without jeopardising 
the safety of workers (Ardanza et al., 2019). Human skills have a positive 
relationship with big data analytics powered by AI. This is supported by the study 
of Dubey et al. (2019 b,c). Therefore,  
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H4: Workforce skills have a positive relationship with the adoption of big data 
analytics powered AI 
 
Adoption of big data analytics powered AI and sustainable manufacturing  
Artificial Intelligence was introduced in the 1950s and since then it has witnessed 
several ups and downs (Baryannis et al., 2019). The I4.0 era has seen growth in 
computational aspects and an increase in big data accessibility, which has further 
renewed interest in the area of AI (Wamba et al., 2015; Baryannis et al., 2019). 
Artificial Intelligence has proven its effectiveness in managing supply chain risks 
(Baryannis et al., 2019). The expert systems were popular up to 2000 followed by 
the rise of smart systems and data mining, which started during the 2010s. The 
key building blocks of AI comprise a) structured data; b) unstructured data, pre-
processes (natural language understanding and computer vision); c) main 
processes (i.e., problem solving, reasoning and machine learning); d) knowledge 
base; and e) information (natural language creation, image creation and robotics) 
(Paschen et al., 2019). 
Big data and high computing power have made AI more powerful in the recent 
years (Duan et al., 2019). AI has returned to the business world with more 
opportunities in this I4.0 era (Dwivedi et al., 2019; Lee et al., 2018).  
Selz (2020) rightfully pointed out that insights created from the analysis of big 
data combined with AI will become the new control system in the organisation. AI 
and machine learning provide various benefits, such as the lowering of costs, and 
the enhancement in quality and quick responsiveness (Aykroyd et al., 2019; Kim, 
2019; Lee and Shin, 2020; Munoko et al., 2020; Pettersen, 2019). The 
prerequisites for its adoption include proper planning and a long-term AI vision; 
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senior management support, human resources, technological infrastructure, 
customer support and the correct organisation strategy (Kim, 2019).  
Big data is characterised by 7V’s: volume, variety, veracity, value, velocity, 
visualisation and variability. Companies face various big data challenges (data 
challenges, process challenges and management challenges). These can be 
overcome through the application of BDA methods, such as descriptive analytics, 
predictive analytics and prescriptive analytics (Sivarajah et al., 2017). Big data is 
generated from various sources (web, social media, ERP systems and cloud 
platforms) in various formats (text, graphic, audio and video clips) (Blazquez and 
Domenech, 2018). BDA-AI has brought a digital revolution to the field of 
manufacturing (Yadegaridehkordi et al., 2018). The adoption of I4.0 technologies 
(big data analytics powered AI) has a positive relationship with sustainable 
manufacturing practices. This is supported by the studies of Carvalho et al., 2018; 
De Sousa Jabbour et al., 2018b; Fisher et al., 2018; Machado et al., 2020; Stock 
et al., 2018; Stock and Seliger, 2016; Theorin et al., 2017). BDA-AI can not only 
enable the smart selection of environmentally friendly material for production but 
also reduces defects and wastage in the manufacturing process (Krolczyk et al., 
2019; Ricciotti et al., 2020; Tan et al., 2020; Zheng et al., 2020). BDA-AI can 
assist maintenance managers to plan and schedule maintenance activities to 
avoid downtime of machines and avoid jeopardising the health and safety of 
workers (Bokrantz et al., 2019). BDA-AI can help gather the production data and 
further prescribe flexible and reconfigurable production lines using available 
resources to meet the dispatch deadlines. The autonomous decision-making 
power of machines and distributed cooperation between agents will develop a 




H5: Adoption of big data analytics powered AI has a positive relationship with 
sustainable manufacturing. 
 
Adoption of big data analytics powered AI and circular economy 
capabilities 
The adoption of I4.0 technologies (big data analytics powered AI) has a positive 
relationship with circular economy capabilities (CEC) (Gupta et al., 2019a). This is 
supported by studies undertaken by the following researchers: Stock and Seliger, 
2016; Theorin et al., 2017; Carvalho et al., 2018; De Sousa Jabbour et al., 2018b; 
Fisher et al., 2018; Stock et al., 2018; Dubey et al., 2019c; Machado et al., 2020. 
Data, driven by recycle, reduce and reuse solutions in manufacturing, are the key 
components for achieving circularity capabilities (Tseng et al., 2018). Advanced 
I4.0 technologies can improve the application of the CE by unlocking the 
circularity of resources in the system (De Sousa Jabbour et al., 2018a). AI, 
service and policy frameworks are found to be strong enablers that can integrate 
I4.0 and CE (Rajput and Singh, 2019a). Nascimento et al. (2019) support I4.0 
technologies that support CE practices. Therefore,  
H6: Adoption of big data analytics powered AI has a positive relationship with 
circular economy capabilities. 
 
Sustainable manufacturing practices and circular economy capabilities 
Sustainable manufacturing practices (SMP) enable the CE strategies by 
developing circularity capabilities. Sustainable manufacturing can do it in two 
ways. The first method is the use of environmentally friendly/appropriate material 
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for making goods that can be circulated in the system at the end of its life. The 
second method is the use of advanced technology to enhance process efficiency 
and reduce wastage by eliminating defects in the production process. The other 
method is the use of cleaner production technologies to reduce energy usage and 
reduce carbon emissions in the process, thus reducing negative effects on 
society and the environment (Zeng et al., 2017). Sustainable manufacturing aims 
to develop CE capabilities by activating ten common circular economy strategies, 
such as: recover, recycling, repurpose, remanufacturing, refurbish, repair, re-use, 
reduce, rethink, and refuse (Morseletto, 2020a). Sustainable manufacturing has a 
positive relationship with the circular economy (Zeng et al., 2017). Therefore,  
H7: Sustainable manufacturing practices have a positive relationship with circular 
economy capabilities. 
 
4.6 Chapter Summary 
This chapter presented the theoretical discussion followed by a discussion of the 
research hypotheses. The seven research hypotheses were also presented along 















This chapter presents the steps followed for analysing the quantitative data in this 
study to answer the first and second research questions.   
 
5.2 Demographic Profile of Respondents 
The google form link was initially sent to 428 targeted respondents after receiving 
the ethics clearance from the University of Johannesburg. At the end of the 
survey, 219 completed forms were received (a response rate of 51%), which is 
good in the context of a survey-based research (Leslie, 1972). 
In Table C1, the details of the participants are provided. The data was collected in 
two rounds, i.e., completed questionnaires received from the initial request and a 
second round of completed questionnaires received after the reminder was sent. 
Initially fifty-seven completed responses were received, after the reminder-162 
completed questionnaires were received. No semi-completed questionnaires 
were accepted as the electronic system did not allow any incomplete 
submissions.  
The findings showed that the maximum number of responses received were from 
senior managers. The findings also indicated that the majority of responses were 
from people with 20 years or more experience in the automotive industry. 
Moreover, the majority responses were received from people who are associated 
with organisations that have been in business in South Africa for over twenty 
years with a turnover above 50 million Rands. This ensured that good quality 
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information was collected as senior management has knowledge of the subject 
and therefore, the correct information was received during the data collection 
process.  
 
5.2.1 Common Method Bias 
To avoid common method bias a few fundamental precautions were taken during 
the pre-data collection stage. A note was mentioned at the beginning of the 
questionnaire that indicated the survey was intended for academic research and 
confidentiality of data would be maintained. Another test, Harman’s single factor 
test, was carried out and the findings show that the first factor accounts for 
35.93% of covariance, which is far below the suggested limit of 50%. It can be 
concluded that common method bias (CMB) is not a threat in this work (Podsakoff 
et al., 2003). 
 
5.2.2 Non-Response Bias 
The primary data was received in two phases. After the initial responses were 
received, a second set was received after doing a follow up with the selected 
respondents. The first wave was compared with the later wave using Leven’s test 
to comment about the non-response bias. Leven’s homogeneity of variance test 
was conducted to check if the distribution of the variables differed based on both 
waves. SPSS software was used to compare means, and to perform analysis by 
using a one-way Anova to check the Leven statistic. It was found that none of the 
values were significant, which means there was no difference between the two 




5.2.3 Model Fit and Scale Validity and Reliability 
In Table C2, the model fit and quality indices are presented. The average path 
coefficient, average R-squared and average adjusted R-squared are found to be 
significant as the p values are below 0.05. The average block variance inflation 
factor (VIF) and average full collinearity VIF values are found to be within 
acceptable limits (Kock, 2016). The Tenenhaus Goodness of Fit (GoF) value also 
shows a good fit and it can be concluded that the model is robust. 
 
5.3 Variance-based Partial Least Squares Structural Equation 
Modelling (PLS-SEM) 
Partial-least squares structural equation modelling (PLS-SEM) (Wong, 2013) was 
considered for the analysis. This technique is useful in studies where the size of 
the sample is smaller (Hair et al., 2014). WarpPLS software operates based on 
the PLS-SEM method, which is capable of examining many relationships between 
the manifest and latent variables (Kock, 2010, 2011, 2014; Kock, 2015a,b,c; 
Kock, 2016), the focus of this article is theory building, as opposed to a theory 
confirmation.  
Structural equation modelling is a group of multivariate data analysis that can be 
used for assessing the complex relationship between latent variables and 
indicators simultaneously. SEM, using a partial least squares method, is used 
extensively in the field of business management. Leading researchers in this 
area, such as Wamba et al. (2017); Dubey et al. (2019 b,d) have used this PLS 
SEM technique in their research work. In SEM analysis any latent variable can be 
measured using many indicators. Researchers need to look at the path 
coefficients and corresponding p values for assessing the links. PLS-SEM was 
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used in this study because it has the ability to estimate the hierarchical models by 
eliminating the vagueness of prohibited solutions, by means of its flexible 
assumptions (Hair et al., 2011). 
For testing the hypotheses, the research team used WarpPLS version 6.0 
software. The use of this software Is fairly easy and consists of five main steps. 
The first step is opening or creating a project; second step is the reading of raw 
data; third step involves data pre-processing; fourth step involves drawing the 
SEM model and defining the links and the last step consists of running the SEM 
analysis and viewing the results. The research team followed all the above steps 
to perform the analysis and the results are presented below. 
 
5.4 Results 
To verify the corrections of the model, causality assessment indices are 
estimated and the values are presented in Table C3. All values are above the 
acceptable level of 0.70.  
The reliability of the instrument is checked using Cronbach's alpha. Nunnally and 
Bernstein (1994) suggested the value should be 0.70 or higher. The analysis 
showed that the Cronbach's alpha for all the variables were above 0.70 and 
reflected a high level of instrument reliability (Table C4). 
The discriminant validity test was performed to check if the constructs were 
associated with any wrong variables. Table B6 shows the correlation among 
latent variables with a square root of average variance extracted (AVE). For every 
variable presented diagonally must be higher than the construct correlation value 
(Fornell and Larcker, 1981). 
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The combined loadings and cross loadings are presented in Table C6 and the 
indicator weights in Table C7. All of the standardised factor loadings were above 
0.50 level and significant at p <0.001. 
 
5.5 Discussion 
In Figure 5.1, the model after statistical testing is presented.  
 
Figure 5.1: Tested model  
Source: WarpPLS result 
 
The results of hypotheses testing are presented in Table 5.1. The findings 
indicate a value of 16% for explaining circular economy capabilities. The path 
coefficients (beta coefficient) value and their corresponding p value are presented 
in Figure 5.1 The results of the hypotheses testing show that there exists a 
positive relationship between CP →TR (β=0.21); CP →WS (β=0.13); NP →WS 
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(β=0.12); MP →TR (β=0.14); TR →BDA-AI (β=0.35); WS →BDA-AI (β=0.17); 
BDA-AI →SMP (β=0.47); BDA-AI →CEC (β=0.42); SMP →CEC (β=0.14). The 
cut off value for determining statistical significance is considered as 5% as per 
previous research studies (Bag 2020 a,b) performed in the business management 
area. Therefore, all hypotheses, except 1b, 2c, are supported. The research team 
also considered the effect of control variables, such as the size of the firm and 
nature of the industry and were found to be non-significant. The R² value of the 
endogenous construct is checked and the value is found to be fairly strong (16%) 
(Chin, 1998). Further checking of the f² values for CEC indicated that it is higher 
than the threshold value of 0.00 (Dubey et al., 2019c). Stone-Geiser’s value of Q² 
is finally checked to estimate the explanatory power of the endogenous 
constructs. The Q² values are TR (0.072); WS (0.210); BDA-AI (0.178); SMP 
(0.188) and CEC (0.205). All these Q² values are found to be higher than 0.00 
and therefore, the predictability of the model is acceptable. 
 
Table 5.1: Results of Hypotheses Testing 
Hypothesis Beta and p value 
Supported/Not-
Supported 
H1a: Coercive pressures have a positive 
relationship with tangible resources 
 
β=0.21 p<0.01 Supported 
H1b: Normative pressures have a positive 
relationship with tangible resources 
 
β=0.06 p=0.21 Not Supported 
H1c: Mimetic pressures have a positive 
relationship with tangible resources 
 
β=0.14 p=0.02 Supported 
H2a: Coercive pressures have a positive 
relationship with workforce skills 
 
β=0.13 p=0.03 Supported 
H2b: Normative pressures have a positive 
relationship with workforce skills 
 
β=0.12 p=0.03 Supported 
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H2c: Mimetic pressures have a positive 
relationship with workforce skills 
 
β= -0.34 p<0.01 Not Supported 
H3: Tangible resources have a positive 
relationship with adoption of big data 
analytics powered by AI.  
 
β=0.35 p<0.01 Supported 
H4: Workforce skills have a positive 
relationship with adoption of big data 
analytics powered by AI 
 
β=0.17 p<0.01 Supported 
H5: Adoption of big data analytics 
powered by AI has a positive relationship 
with sustainable manufacturing  
 
β=0.47 p<0.01 Supported 
H6: Adoption of big data analytics 
powered by AI has a positive relationship 
with circular economy capabilities 
 
β=0.42 p<0.01 Supported 
H7: Sustainable manufacturing practices 
have a positive relationship with circular 
economy capabilities 
 
β=0.14 p=0.02 Supported 
(Source: Own Compilation) 
 
5.6 Chapter Summary 
This chapter presented the analysis of the data. The theoretical model was 
statistically tested and the results were presented. The next chapter presents the 










AN ILLUSTRATION OF INDUSTRY 4.0 AND BUSINESS PROCESS 
OPTIMISATION: A CASE STUDY 
 
6.1 Introduction  
This chapter aims to answer the third research question using the case study and to 
perform simulation to show the effect of I4.0 enablement on the business process 
optimisation. The steps in the case study, include setting the problem, defining the 
objectives, framing the analysis in extant theories, defining the methodology, 
simulation, analysis and results, propose an automated business process model, 
evaluation of the case study and assessing the role of theory. 
 
6.2 Case Study 
6.2.1 Setting the Problem 
The case company selected for this research study was an original equipment 
manufacturer of automotive parts located in the Gauteng Province in South 
Africa. The case company practices sustainable manufacturing practices and also 
pursues CE goals. The annual turnover of the company is R500 million and 
currently has 260 employees. The most recent audit findings reported that the 








The highlights of the audit findings are presented as under: 
 Very high inventory: [Raw material: R15.67 Million (Mn); Hardware: R10.87 Mn; 
Finished goods: 7.14 Mn; Reinforcements: 5.21 Mn; Spares: 0.99; Others: 0.55 
Mn]. 
 Variances between physical and book stock: [Surplus of book stock: R 4.84 Mn; 
Short of book stock: R4.85 Mn]. 
Root Cause:  
► Weak operational controls around inventory management, physically as well as 
in SAP. 
 
 Issue made without an entry in SAP: It was noted that there were three cases 
wherein the goods were issued as per the issue slip; however, issuance posting 
was not done in SAP. 
 Large delays between date of transfer in issue book and entry being made in 
SAP: All 17 cases where SAP entry was made, were delayed. It was further noted 
that in the nine cases, the delay was five days or more and in four cases, the 
delay was 10 days or more. These delays were as high as 21 days in one 
instance. 
 Quantity mismatch: It was found that there were four-line items (two issue 
documents) wherein the quantity issued in SAP was greater than the quantity 
mentioned as per the issue slip. The deviations amounted to ZAR10 485.45. 
 Incorrect unit of measurement (UOM): It was noted that two items, where the 
UOM as per the issue slip, differed from that used in SAP. 
 Issuance posted in SAP not supported by issue slips: As a process, issuance is 
posted on SAP based on the issue slips. On our review, it was noted that no 
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issue slip had been made between the 23rd November, 2018 to 15th January, 
2019, however, issuance worth ZAR 0.3 million were made in SAP during the 
same period. 
 Signatures not available: In 19 of 20 cases, the signatures of the receiving 
department were not available and in two of 20 cases, the signature of the issuing 
department was not available. 
Root Cause:  
► Weak control over material issuance. 
 
 High ageing of inventory: Upon review of the ageing of the inventory as on 29-
April 19, it was noted that the inventory valuing ~ZAR 13.5 million was lying in 
stock for over one year (32% of the total stock value). 
 Inadequate controls around the process of gate entry.  
 Gate Pass not made for all items: The gate entries are not being made on a 
regular basis for all incoming material. Over the course of the audit period (April 
18 to March 19) only 540 gate entries were made compared to 1700 GRNS. 
 GRN not being tagged to Gate Entry: It was further noted that of the 540 gate 
entries so raised, 372 gate entries were not tagged to a GRN, thus leaving them 
open as on date. 
 Large Delays between Gate Entry and Goods Receipt Note (GRN): It was 
further noted that of the 168 gate entries against which GRN was tagged, seven 
GRNs were made after 10 or more days from the Gate Entry date. 
Root Cause:  




 Inadequate monitoring and control around goods sent under a returnable gate 
pass. 
 Return Goods Process (RGP) is not tracked and monitored through SAP: Noted 
that currently, materials are sent outside the plant on RGP based on a manual 
entry in a register and not through SAP. 
 Absence of proper RGP tracker: Currently the company does not maintain a 
tracker, which tracks the materials that have left the factory under manual issue 
slips and supposed to be returned after repair work or any job work. 
 Variance between issue slips as per driver and stores: For all goods sent out on 
RGP there is a goods transfer issue book, maintained both by the drivers who 
take the goods out of the factory, and the stores. However, it was noted there 
were variances between the issue slips maintained by the stores and driver for 
the period under review. 
 On review of the 10 RGP slips maintained by the drivers on a sample basis, 
noted: 
 No Gate Exit Stamp: All 10 RGPs did not have any gate exit stamp which was 
alarming.  
 Absence of any PO reference: The RGP slips did not contain any service PO 
reference number against which they were going out.  
 Under consumption of reinforcements in production for scrap generation 
 Scrap generation not recorded 
 Difference between scrap sold as per manual scrap sale tracker and SAP entry 
 Scrap sale done on credit 
Root Cause:  
► Absence of efficient gate entry controls. 
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► No process of physically verifying the stock to declare scrap generation at 
regular intervals. 
► Scrap generation and sales not done in SAP. 
► Inadequate tracking of the scrap sold and its accounting thereof. 
 
 Variance between bill of material (BOM) quantity and actual quantity: On review 
of the actual consumption of raw materials against a production order with the 
consumption mentioned in its BOM. Variation was found in 866 line items which 
totalled ~39 tonnes for 807 items measured in kilograms. 
Root Cause: 
► Consumption of materials in excess of BOM. 
► Incorrect consumption posting. 
► Lack of updating of BOM. 
► Lack of careful review of BOM. 
 
 Inadequate control of reverse logistics and returns management process. 
 No SLA available with service providers.  
 Large delays in return process. 
 Lack of communication between supply chain partners.  
 Poor documentation.  
 Delayed payment of service providers. 
Root Cause: 
► Lack of standard operating process (SOP).   




The above problems were detected during the internal audit, which was really an 
eye opener for management. Therefore, my research proposal generated interest 
among white-collar staff and management, who approved the development of a 
solution for the above problems.  
 
6.2.2 Defining the Objectives  
The research objective was to provide the case company with a digital solution 
and help them overcome the current supply chain challenges.  
 
6.2.3 Framing the Analysis in extant Theories 
Every firm aims to adopt a correct set of business processes to enhance 
operation excellence and finally improve overall business performance. 
Operational excellence indicates a top performer in the field and to remain 
competitive while practicing industry best practices (Sharma and Kodali, 2008). 
Improving the levels of operational excellence is the key focus of every 
manufacturer. From the literature the indication is that various approaches, such 
as total quality management (Shores, 1990); employee involvement (Hanna et al., 
2000); lean methods and tools (Álvarez et al., 2009; Belekoukias et al., 2014) are 
commonly adopted to achieve operational excellence. Ojha et al. (2014) identified 
twenty leading factors influencing operations excellence. However, people 
excellence; global presence and visibility; operational cost reduction methods and 
customer responsiveness play a critical role in enhancing operational excellence. 
Chien et al. (2014) reported that innovations and smart technologies applied in 
manufacturing, empower operations excellence. Smart technologies, such as 
advanced manufacturing systems (additive manufacturing), advanced process 
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controls, advanced machine controls are used to monitor and control smart 
production lines. To enhance operational performance, the focus is the 
improvement of operational flexibility, operational efficiency and operational 
effectiveness (Karimi et al., 2007). Information systems play a critical role in 
providing visibility to enhance the level of responsiveness. In sustainable 
manufacturing, it is important that firms link business targets and operational 
targets to the activities of the manufacturing unit. The focus should be directed to 
the integration of multiple firms, operations and automation at shop floor level to 
attain improved performance from the current setup. To ensure timely delivery of 
orders, sustainable manufacturing calls for enhanced visibility, increased flexibility 
and collaboration with supply chain partners. End to end connectivity using I4.0 
technologies to connect suppliers to the shop floor and end users is the key to 
success in this volatile business environment. However, the setting up of 
Enterprise Resource Planning (ERP), manufacturing Execution Systems (MES) 
and Plant Control Network (PCN) and linking the three of them together is 
complex and depends on the nature of the operations and business strategy 
(Chofreh et al., 2017). ERP is the top layer; whereas MES is the middle layer and 
PCN is the bottom layer. MES provides visibility throughout the business chain 
while connecting the shop floor (production/inventory) data to the firm’s business 
requirements and demands from the ERP. The ERP will further communicate with 
the end user (quality and dispatch related data) and supplier (inventory data) in 
real time.  
Therefore, the events occurring in time spans of months, weeks, days, shifts are 
captured with ERP; events occurring in shifts, hours, minutes and seconds under 
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manufacturing; and, those happening in seconds are subsumed under the plant 
control level (refer Figure 6.1).  
 
 
Figure 6.1: ERP, MES and PCN 
 
(Source: Telukdarie et al. 2018) 
 
6.2.4 Defining the Methodology  
This step involves deciding the units of analysis, selecting relevant cases, 
collecting data, analysing the data and interpreting the findings.  
The unit of analysis in this case study is fundamentally the business processes 
involved in sales, procurement, manufacturing, supply chain, logistics and the 
finance functions of the case company. The relevant case company was selected 
based on the nature of this research, i.e., a descriptive case study.  
A relevant case company is identified as discussed previously in section 6.2.1. An 
appointment was made with the managing director of the case company to 
discuss the purpose of the study and the expected benefits that could be 
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achieved based on the final results. After the initial meeting and discussion that 
happened in early February 2019; approval was received after 15 days to 
proceed with the interview of all the key process owners in the case company. 
Appropriate homework was done before all the interviews; to ensure that 
everything was included and to probe sufficiently deep enough to gather all the 
information for case analysis. It took almost a month to understand the entire 
business processes in the case company and gather all the information. The data 
collection was done using an unstructured questionnaire, the purpose being to 
have a friendly and comfortable environment to ensure a two-sided 
communication. This helped to have detailed discussions, a deeper 
understanding of the current business processes, the gaps and challenges faster 
than administering a structured questionnaire.  
Data was gathered from all the heads of departments, including sales, 
manufacturing, purchasing, logistics and finance. The sales head has worked in 
this company for 12 years, the manufacturing head and purchasing head for 10 
years, the logistics head for 15 years and the finance head for 3 years in this 
company. All of them have good knowledge of SAP and business processes. 
Therefore, the interview process went smoothly and no hurdles were faced during 
the data collection stage. 
Based on the information, an attempt was made to draw the business processes 
from level zero to level four (refer to Appendix D1 to D13). The link between all 
business functions, such as sales, manufacturing, purchasing, logistics and 
finance is shown in Appendix D14. All the business processes are inter-linked for 
the flow of information. Data was collected concerning the existing business 
processes, the execution time and the resources used in each process. The 
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objective was to optimise the business processes and to provide a digital solution 
by substituting a manual process with automation. 
 
6.2.4.1 Simulation 
The aim of performing the simulation was to optimise the business processes. 
Anylogic 8.3.2 version was used to setup and further run the simulation (Appendix 
D15). This method was suggested in similar past studies like Bisogno et al. 
(2016) and thus supports the present study. Anylogic supports three types of 
simulation techniques, i.e. system dynamics, discrete events and agent-based 
modelling. Based on the nature of the problem, the discrete event method was 
used to perform the analysis. This required a modeller to consider the system that 
was intended to develop a process involving a sequence of operations that are 
performed by agents. The output expected from this simulation method, included 
resource consumption, the execution time, the waiting time, the length of the 
queue, the system throughput and blockages. 
 
6.2.4.2 Analysis and Results 
The simulation setup was done using Anylogic software. In the current model 
there are two variables (Yes/No) and twelve decision blocks. Therefore, twelve 
random numbers were generated using Poisson distribution in Excel. The same 
exercise is repeated ten times to generate random numbers for ten scenarios. 
Furthermore, using the probability function, the random numbers were inputted 
for the twelve decision-making blocks each time and the simulation run is 
performed ten times to get the results, i.e., the effect on the total execution time 
for the initial model (refer Table C8). 
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The standard deviation of the data was calculated and found to be 2834.90 
seconds (refer to Table C9). Next, the centre line value was determined with an 
average value of 43808 seconds. The upper control limit (Centre line 
value+3*SD; i.e., 52313 seconds) and lower control limit (Centre line value-3*SD; 
i.e.,35303 seconds) were calculated and presented in Figure 6.2. 
 
 
                                    Figure 6.2: Baseline calculation (initial model) 
Source: Own compilation 
 
6.2.4.3 Propose an Automated Business Process Model 
The manual business processes were substituted with automation/digitalisation 
wherever possible to reduce the total execution time and optimise the resources. 
The proposed cyber-physical model is presented in Table D25. 
In the current model there are two variables (Yes/No) and seven decision blocks. 
Therefore, seven random numbers were generated using Poisson distribution in 
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an Excel spreadsheet. The same exercise was repeated ten times to generate 
random numbers for ten scenarios. Thereafter, using a probability function the 
random numbers were inputted for seven decision-making blocks each time and 
the simulation run was performed ten times to get the results, i.e., the effect on 
the total execution time for the proposed model (refer Table D25). 
The standard deviation of the data was calculated, which was found to be 853.29 
seconds (refer to Table C11). Next, the centre line value was determined to have 
an average value of 24488 seconds. The upper control limit (Centre line 
value+3*SD; i.e., 27048 seconds) and lower control limit (Centre line value-3*SD; 
i.e., 21928 seconds) were calculated and presented in Figure 6.3. 
 
 
Figure 6.3: Baseline calculation (proposed model) 
Source: Own compilation 
 
It was suggested to adopt this CPS model to eliminate the risks and uncertainties 




6.2.5 Evaluation of the Case Study and assessing the role of Theory  
The findings of the case study supported the RBV theory. It is clear that I4.0 
builds the capability in the organisation for technological applications, which helps 
the organisation to further develop agility, adaptability and alignment with the 
sustainable goals. 
 
6.3 Chapter Summary 
This chapter presented the simulation using Anylogic software to show the I4.0 
(BDA-AI) technological enablement on sustainable manufacturing practices. I4.0 
successfully optimises the resources and lead times in a closed loop supply 





















This chapter presents the conclusions drawn from the study, which includes the 




This study was a novel attempt to investigate the effect of institutional pressures 
on resources and capabilities for the adoption of BDA-AI and secondly, to 
understand the impact of BDA-AI adoption on sustainable manufacturing and 
circular economy capabilities.  
The path of coercive pressures (CP) and tangible resources (TR) show a 
significant relationship. The path of mimetic pressures (MP) and tangible 
resources (TR) show a significant relationship. However, the effect of coercive 
pressures on tangible resources was found to be more than mimetic pressures. 
The path of coercive pressures (CP) and workforce skills (WS) show a positive 
relationship as does the positive relationship between the path of normative 
pressures (NP) and workforce skills (WS). However, the effect of CP on WS is 
found to be slightly more than normative pressures. 
The path of tangible resources and BDA-AI shows a positive relationship. The 
path workforce skills and BDA-AI shows a positive relationship. However, the 
effect of TR on BDA-AI is found to be very strong compared to the effect of 
workforce skills on BDA-AI. 
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Dubey et al. (2019b) performed a study where they tested the effect of CP, NP 
and MP on TR and WS. Their research findings showed that CP do not have a 
significant effect on WS. However, current research findings show that coercive 
pressures have a significant effect on human skills and these coercive pressures 
are found to be the strongest institutional driver in the South African context. 
Skills shortages in South Africa have forced the implementation of instruments, 
such as Broad-Based Black Economic Empowerment (BBBEE) to create a pool 
of skilled human resources for the growth of the economy. Without a valid BBBEE 
score, South African firms cannot do business with local companies or with the 
government firms. Therefore, every firm is pressurised to invest in skills 
development every year. 
Results show that normative pressures do not have a significant effect on tangible 
resources and mimetic pressures do not have a significant effect on workforce 
skills. However, both these hypotheses were supported by the study of Dubey et 
al. (2019b), which was conducted in Indian industries. The reason may be due to 
coercive pressures are restricting businesses in unfair usage of resources. Also, 
coercive pressures take care of the workforce skills, while every company in 
South Africa focuses on this area with a fear of losing business due to a low 
BBBEE score. Therefore, the effect on mimetic pressures on resources does not 
show any influence. 
The path of BDA-AI and sustainable manufacturing practices are found to be 
significant. The path of BDA-AI and circular economy capabilities are significant. 
However, the effect of BDA-AI on sustainable manufacturing practices is found to 
be stronger compared to the effect of BDA-AI on circular economy capabilities. 
Finally, the path of sustainable manufacturing practices and circular economy 
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capabilities are found to be significant. The adoption of I4.0 technologies has a 
positive relationship with circular economy capabilities. This is supported by 
studies by e.g., Stock and Seliger, 2016; Theorin et al., 2017; Carvalho et al., 
2018; De Sousa Jabbour et al., 2018b; Fisher et al., 2018; Stock et al., 2018; 
Dubey et al., 2019c; Gupta et al., 2019; Machado et al., 2020). However, this 
study has extended the knowledge base by using selective I4.0 technology (big 
data analytics powered AI). 
One of the key contributions of this study points towards the CE, and therefore 
looked into the competitive CE literature and compared findings with some of the 
notable studies in the field of CE, as presented below. 
Jabbour and Santos (2008 a,b) highlighted the importance of human resources in 
developing sustainable businesses. The findings highlight that workforce (human) 
skills are positively associated with BDA-AI adoption and further it is positively 
associated with CE capabilities which is a new link that has been established in 
this study.  
In addition, Jabbour et al. (2020c) indicated that big data can be useful to 
enhance sustainable supply chains. The study however highlighted that BDA-AI 
adoption is positively associated with sustainable manufacturing which is also a 
new link that we have established in this study. 
Jabbour et al. (2020b) conducted research in the emerging economy of Brazil and 
found that the regulatory mechanisms are different compared to other countries. 
Their study found that stakeholders influence CE adoption and further CE 
adoption enhances sustainability performance. This study was also conducted in 
an emerging economy. However, the results indicate that institutional forces 
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influence resources for BDA-AI adoption which further influence SMP, and CE 
capabilities. These are also new links that has been established in this study. 
The impact of CE business models on operations management was investigated 
by Lopes de Sousa Jabbour et al. (2019). The ReSOLVE model was combined 
with big data to provide an integrated framework. The ResSOLVE framework 
provides the managers with the ability to anticipate the need to develop CE-
related capabilities. Another study by Jabbour et al. (2019) proposed an 
integrative framework to improve the knowledge of large-scale data-CE nexus. 
The framework focused on relationships that can be important for firm’s 
stakeholders and further proposed twelve research propositions. The contribution 
of the study of Jabbour et al. (2019) lies in the design of integrative framework 
relating- the main stakeholders (supplier, customer and manufacturer) of CE, the 
ReSOLVE model and the four Vs of big data management which was indeed a 
novel contribution to the CE literature. The study of Jabbour et al. (2019) is 
related to stakeholders; however, current study has been supported with 
institutional theory and RBV theory. The study of Jabbour et al. (2019) considered 
big data; however, this study has considered big data analytics powered artificial 
intelligence construct in the study which is a very powerful technology in this 
digital era. Compared to the competitive CE literature, current study contributes to 
the CE literature by establishing that institutional pressures play a key role in 
configuring tangible resources and workforce skills for adopting BDA-AI, and 
further sustainable manufacturing practices is necessary to develop CE 
capabilities.  
The research findings show the unique pathways, such as a positive relationship 
between big data analytics powered by artificial intelligence and sustainable 
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manufacturing practices as well as circular economy capabilities. The study 
considered 219 samples from the automotive component- and allied product 
manufacturers in South Africa. This is the only sector which has progressed 
significantly in terms of digitalisation compared to any other. Moreover, this sector 
is seriously considering environmental and social aspects while taking 
manufacturing related decisions. This is all possible due to the cooperation of all 
stakeholders and standing together to fulfil the sustainable development goals. To 
further progress the circularity capabilities, digital progress is essential. Although 
South Africa has implemented the digital goals and South African universities, 
such as the University of Johannesburg, and the DTI, are helping the businesses 
in implementing feasible digital models but more push is required internally in 
organisations to achieve the timelines. 
The empirical findings have been validated through published literature and use 
of case study/simulation results. The simulation was done considering a part of 
the theoretical model that mainly comprised on manufacturing and circular loop. 
The results indicate that substituting the current manual practices of the case 
company with I4.0 technology (BDA-AI) can delivery significant benefits in terms 
of reduced lead times and improved efficiency in the circular system. 
Since the ultimate goal is to validate the research findings using multiple 
methods- firstly, through empirical survey, second through case study and 
simulation and lastly using published literature in this field of study to develop a 
comprehensive understanding of phenomena. Through convergence of 




7.3 Contribution to Knowledge 
7.3.1 Theoretical Implications 
Institutional pressures have a very important role in South Africa in terms of digital 
technology adoption and sustainability practices. The study suggests that 
institutional pressures are guiding automotive and allied component 
manufacturing firms to work within social boundaries by creating a balance 
between key assets such as human capital and resources to further enable digital 
technological adoption. Coercive pressures are very strong in South Africa, 
followed by mimetic pressures, which means that competition is very fierce in the 
South African marketplace. Normative pressures are fairly strong in this country 
when it comes to the effect on tangible resources and workforce skills. These 
mechanisms can be successfully explained with the help of institutional theory. 
Furthermore, another element that had a strong impact in our theoretical model is 
resources as explained using the popular RBV theory. The key resources for 
BDA-AI adoption are first tangible resources and second workforce skills. This 
study offers a better picture of institutional pressures and resources that are 
essential for the adoption of BDA-AI in South African automotive and allied 
manufacturing firms. The empirical findings has been supported with literature 
and the case study. 
 
7.3.2 Practical Implications 
The key takeaway points are as follows: 
Focus on tangible resources: Both regulatory pressures and competitors are 
forcing the manufacturing companies of automotive and allied products in South 
Africa to acquire key resources and configure such tangible resources. The 
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Government is putting pressure on these firms through BBBEE and the Skills 
Development Amendment Act 37 of 2008- to improve the skills of the workforce. 
Also, suppliers and customers are forcing this sector to upgrade the workforce 
skills to prevent the drop of BBBEE scores. Managers must focus on tangible 
resources, such as the infrastructure/platform, technologies and basic resources 
for the execution of big data analytics and artificial intelligence projects.  
 
Focus on workforce skills: It is also essential that managers focus on developing 
workforce skills with proper training programmes and keeping them abreast of the 
latest BDA-AI programming techniques. Since BDA-AI plays a key role in 
enhancing sustainable manufacturing practices and furthermore, builds circular 
economy capabilities; therefore, managers need to focus on this area. They need 
to make the necessary arrangements and adopt benchmark practices to progress 
the economic growth of South Africa. Although sustainable manufacturing 
practices have gained popularity in South Africa, however, more focus is required 
on the building of circular economy capabilities by adopting circular economy 
strategies. 
 
Focus on the adoption of BDA-AI: Sustainable manufacturing practices aims to 
select special materials to build the product by using special tools and clean 
production methods. Renewable sources of energy, such as solar or wind energy, 
should be used in sustainable manufacturing processes. Environmentally friendly 
designs must gain more importance, while the adoption of the environmental 
factors needs to be considered when selecting business partners. More attention 
must be given to innovative approaches to find recycling solutions.  
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A circular economy uses 3R methods, such as reduce, reuse and recycle where 
reverse logistics and supply chain network designs play a very important role. 
Any disruption to the supply chain may cause production losses, financial issues, 
and relationship issues with customers. 
Many firms are still following decade-old practices to cut costs and minimise raw 
material stock levels, and eliminate flexibility during such processes, which can 
make the firm more vulnerable in a circular economy. Fortunately, I4.0 
technologies have proven to be a boon in the field of engineering management, 
providing enhanced visibility and resilience. BDA-AI technologies are able to 
gather voluminous amounts of data generated from various sources, together 
with assisting machines in making autonomous decisions thus bringing a greater 
extent of flexibility to the manufacturing process and enhanced circularity 
capabilities. There will be less chance of disruption in the supply network, while 
enhanced collaboration and agility will be present in the supply chain. Institutional 
pressures are forcing companies to upgrade the skills of workers as well as cover 
data privacy and security aspects, which directly aid in the adoption of BDA-AI.  
However, successful BDA-AI applications requires constant review and the 
intervention of senior management towards the use of advanced analytical and 
data visualisation methods for better decision-making. The adoption of BDA-AI 
can bring advantages to the manufacturers involved in the circular economy by 
providing more recycling options and thus enhancing the life cycle of resources, 




7.4 Research Limitations 
The study was conducted in the emerging economy of South Africa where 
digitalisation is at a nascent stage. Therefore, few responses were received. The 
social conditions where the automotive and allied sectors are operating in South 
Africa are different than in any other country. Therefore, the nature of institutional 
pressures is different here compared to any other emerging economy like India, 
Brazil and China. Also, the skills level in South Africa is low and the South African 
Government is undertaking various initiatives to upgrade the skills for the 
preparedness of digitalisation. The scenario may be different in other countries 
and therefore, future researchers are cautioned to interpret the findings in light of 
the abovementioned limitations. The model can be further tested in a country 
where digitalisation has progressed significantly to generalise the results. This 
study acts as a foundation in the direction of Industry 4.0 (big data and AI) 
technological application, sustainable manufacturing and the circular economy. 
 
7.5 Future Research Directions 
While we believe the results will be broadly generalisable to other emerging nations 
(e.g., Brazil, Russia, India, and China), the results may be less generalisable to 
developed nations, and other nations in Africa where there is less ability to 
implement BDA-AI technologies. In addition, the findings are generalisable to 
developed nations where BDA-AI application is more advanced. Future studies could 
include an investigation to determine whether the intention to adopt BDA-AI under a 
range of uncertainties, and to evaluate whether there is a moderating effect of 
organisational flexibility and industry dynamics. Organisational flexibility is the ability 
of organisations to run a business in a volatile business environment. The attributes 
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of organisational flexibility involve the ability to speedily adjust the structure of the 
organisation and respond to varying business environments. The ability also includes 
changing the organisation structure without having any negative effect on the quality 
of products/services. Organisational flexibility also helps to adapt quickly in changing 
business situations and stay ahead of competitors. BDA and sustainable 
manufacturing practices are dependent on the organisation structure. The analysis of 
the automotive industry revealed that enhanced organisation performance in 
dynamic situations is achievable when managers use advanced information and 
communication technologies (ICT), such as BDA and AI. In less dynamic situations, 
the requirement for information to make fast decisions may not be as evident. The 
literature indicates that use of ICT increases with amplification and an increase in 
dynamics in the business environment. However, there is limited research available 
in this area that has shown the moderating effect between the adoption of big data 
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APPENDIX A: REVIEW SUMMARY 
Table A1: Review of additional Industry 4.0 papers obtained from Scopus 
 
Author 
(Year) Research Objectives Major Findings 
Future Research 
Opportunities 
Zhang et al. 
(2018) 
The objective of the 
paper was to develop a 
framework to achieve the 
real-time production 
scheduling for the shop 
floor to meet the 
challenges faced by the 
managers (lack of timely, 
correct, consistent 
information of resources) 
that re-manufacturing 
organisations deal with.  
Using the Internet of 
Things in re-
manufacturing 
processes can identify 
the flaws within no time. 
The Internet of Things 
also helps in real-time 
production scheduling 
for the re-manufacturing 
of automobile engines, 
with the use of the 
Internet of 
manufacturing process. 
Pareto optimal solutions 
facilitate production 
planners with the 
appropriate method of 
real time production 
bases.  











concern of real-time 
production 
scheduling must be 
solved with respect 
to its objectives and 
practical barriers.  
Anand et al. 
(2018)  
The objective of the study 
was to frame a Situation-
Actor-Process (SAP) and 
Learning-Action-
Performance (LAP) to 
assess the present status 
of information security 
governance, information 
technology rules, and e-
Governance from the 
perspective of the 
National e-Governance 
Project India (2014).  
The major findings of the 
study confirmed that the 
actors of this 
programme must be 
very active to enhance 
the technology-oriented 
expertise, to impart 




applications. In addition, 
all the decisions must be 
based on sustainable 
management practices 
of e-Governance. 
The future research 
directions include 




making methods for 
the speedy growth 









The objective of the 
paper was to understand 
the methods being used 
for the assessment of 
sustainability and the 
product lifecycle to 
discover opportunities 
related to the exchange 
of information concerning 
the product 
The findings revealed 
that with the advent of 
the Internet of Things 
product-based sensors 





addition, the mapping of 
The future work 
must address the 
extension of the 
literature review, 
followed by the use 
of meta-analysis for 




manufacturing lifecycle.  information across 
different lifecycle stages 
shall produce more 
focused results.  
Arias et al. 
(2018) 
The paper aimed to 
investigate the consulted 
literature on the different 
parameters in the stream 





The results of this study 
assured the job 
allocation of human 
resources, an upcoming 
research topic in 
business process 
management and 
process mining.  
The direction of 
future work includes 
a more in-depth 
analysis of the 
literature by 
selecting studies 
with added and a 
different set of 
keywords. It is 
suggested to select 
a few more 
business drivers to 
consider the 
allocation of human 
resources while 
taking algorithms 





The objective of the 
paper was to launch a 
survey for different kinds 
of protocols dependent 
on PMIPv6. Following 
which, a protocol was 
selected by the research 
team based on Quality of 




included streaming traffic 
class (QoS-handsoff 
latency) and background 
traffic class (alarming 
price).  
The findings of the study 
confirmed that smart 
buffering PMIPv6 
protocol was selected 
for streaming 
applications due to the 
refined Quality of 
Service (QoS) 
parameters (low value-
handsoff latency, packet 
loss rate, time spent on 
DAD) as it is appropriate 
for QoS. With respect to 
a background 
application, price is a 
very important 
parameter to consider. 
In this multi-attribute 
decision making 
(MADM) and prospect 
theory, FL-PMIPv6 was 
selected as the best 
protocol.   
The future studies 




for one of the best 
combinations for 




Thiede et al. 
(2018) 
The objective of the 
paper was to screen, 
review, and assess the 
empirical studies existing 
in the area of process 
mining in order to 
understand its uses and 
benefits for the 
concerned organisations.  
The findings of the study 
revealed that to date, 
the main focus found in 
the literature is 
connected to single 
business process 
management systems in 
individual organisations. 
The authors concluded 




mining in the interrupt 
service routine. 
The future 
prospects of the 
study suggest the 
usage of a 
proposed model 
using case studies 
and action research 














The paper was targeted 
to deliver a request, 
based on financially 
friendly, an asset pooling 
service for small and 
medium enterprises, 
which are dependable 
even as the enterprise 
revolves. It further aimed 
to analyse the suitability 
of the information 
technology and disruptive 
innovation for the small 
and medium enterprises.   
The major findings of the 
study revealed that 
presently organisations 
are focussing on the 
delivery of services to 
the clients and to 
manufacturing units. 
Further, it has been 
found that technological 
enhancement can create 
a definite edge for small 
and medium enterprises, 
but at present, the focus 
is mainly on day-to-day 
delivery of electronic 
business services. A 
lack with respect to 
internal information 
technological expertise, 
has also been recorded 
for small and medium 
enterprises.  
Future research 










information for the 







The objective of the 
paper was to investigate 
the role and effect of big 
data analytics and the 
Internet of Things on the 
large logistics firms’ 
strategy to improve driver 
safety, minimise 
operating prices and the 
environmental impact on 
vehicles.  
The findings of the study 
revealed that the 
Internet of Things and 
big data analytics have a 
significant impact on the 
performance issues of 
safety and the 
environment. The 
application of real time 
technology to assess the 
diverse data sets has 
facilitated many 
opportunities that further 
resulted in commercial, 
economic or social 
benefits. Truck 
telematics and tracking 
data have resulted in 
being an essential 
element for training 
programmes with a 
scope for improvement 
in the drivers’ driving 
behaviour with 
minimised GHG vehicle 
emissions. 
The research team 
strongly endorse 
the proposed model 
to future 
researchers. It 
paves the way to 













The objective of the 
research was to 
meaningfully contribute to 
the existing body of 
knowledge to do with the 
purchasing and supply 
management 
digitalisation by designing 
an approach for 
interventions while 
identifying the designing 
principles for existing 
interventions.  
The findings of the study 
revealed that the 
companies must initiate 
digitised purchasing and 
supply management, in 
their respective 
organisations, with the 
basic technologies i.e. 
Internet for e-
Procurement, rather 
than moving on to 
advanced technology 
(industry 4.0) initially. 
The results also assure 
the minimisation of 
administrative burden 
and enhance efficiency 
























Gravili et al. 
(2018) 
The purpose of this paper 
was to investigate the 
impact of the digital divide 
and digital 
alphabetisation on the 
creation of big data 
procedures to assess the 
possibilities of how big 
data can prove to be a 
meaningful tool in the 
decision-making process 
of supply chain 
management. In addition, 
the target is to 
understand the 
relationship between the 
digital divide and big 
data, and the digital 
divide and supply chain 
management. 
The findings of the study 
confirmed a noteworthy 
positive association 
between the digital 
divide and big data, and 
the digital divide and 
supply chain 
management. With more 
usage of the Internet, 
the high technological 
exchanges between 
companies will happen. 
In addition, the results 
revealed a major 
involvement of the 
human factor along with 
the technological 
indulgence in the 
smooth functioning of 
the supply chain 




try to study the 
structure of the 
goods that are 




identify the real 
time exchange of 
goods. This 
process can give a 
competitive 
advantage to the 
organisations 





The objective of the 
paper was to explore the 
impact of Industry 4.0 on 
procurement activities of 
organisations dealing with 
supply chain 
management. It also 
aimed to explore the 
importance and barriers, 
if any, during the 
application of digitisation 
of the procurement 
processes.  
The findings of the study 














results also confirm the 
existence of barriers 
with respect to time, 
money, and resources 
for the comprehensive 
implementation of 
Industry 4.0. 
The future research 
direction involves 
the deployment of 
strategic network 














Metallo et al. 
(2018) 
The major objective of the 
paper was to investigate 
how the Internet of 
Things is enabling 
companies to build 
business models while 
considering the critical 
success factors to create 
and capture value.  
The major findings of the 
paper confirmed that in 
order to have an 
effective business 
process management 
(BPM), the most crucial 





This is further connected 
to promote business 
management, while less 
importance is given to 
financial and customer 
related aspects. The 
results also revealed 
that the value 
proposition is yet 
another important 
element for creating 
blocks and value 
towards emerging 
business models.  
Future research 









to the Internet of 
Things. The more 
in-depth knowledge 
must be contributed 
to the existing 
literature with 
respect to value 




The objective of this 
paper was to investigate 
the synergy between the 
systematic control of 
technology with 
sustainable growth. The 
focus was on the inner 
environment against a 
mix between the aspect 
of an innovation 
enterprise with respect to 
enterprise systems 
engineering, the active 
capabilities of spectral 
selection in different 
dynamics and the option 
of thinking was an 
important paradigm 






the active capabilities, 
and a pattern of real 
time options with 
increased attention on 
the active monitoring of 
performance of 
innovation. The findings 
revealed an original and 
unique framework of 
association between 
innovations and active 
capabilities to create 
new high-ended 
strategies, authentic 
solutions for the option 
of thinking, depending 
on the possibilities for 
organising 
performances.  
The future direction 




are very important. 
The option of 
thinking can be 
analysed with new 
approaches, 
providing flexibility 




analyses, to assess 
performance 






The objective of this 
study was to measure the 
sustainable compliance of 
the suppliers to increase 
the efficiency of the 
supply chain of the 
company with respect to 
the stakeholders’ opinion, 
and the needed criteria 
for assessment.   
The findings of the study 
revealed that the status 
of suppliers’ ranking is 
greatly affected by the 
social aspects of the 
critical success factors. 
In addition, the selection 
of a sustainable supplier 
is highly dependent on 
the capabilities of the 
managers in the 
organisation.  
The future 
prospects can be to 
extend this work 
while combining it 
with other existing 
theories (dynamic 
capability theory). 
In addition, the 
concept of sub-
suppliers can be 
measured in the 
context of 
sustainability. The 
triple bottom line of 
sustainability can 




The purpose of the paper 
was driven by the core 
beliefs of this author with 
respect to the importance 
of smart manufacturing 
with an aim to streamline, 
organise and contribute 
to the existing body of 
knowledge.  
Smart manufacturing is 
not a degree of 





enterprises. The degree 
of automation is 
dependent on its tools 
and data.   
The present piece 
gives a detailed 
vision of smart 
manufacturing. 
Future researchers 
can extend this by 
explaining its 
importance and its 
implementation in 
different setups.  
Moeuf et al. 
(2018) 
The purpose of this paper 
was to present the 
systematic review of the 
literature with respect to 
Industry 4.0 issues and 
small and medium 
enterprises.  
The major findings of the 
study revealed that the 
existing projects 
concerning the 
relationship of Industry 
4.0 to small and medium 
enterprises was to do 
with the high costs. The 
results unveiled that 
small and medium 
enterprises restrain 
themselves from 
adopting the latest 
technologies of cloud 
computing and the 
Internet of Things. In 
addition, the literature 
lacks evidence of any 
authentic business 
model transformation.   
The future research 
must explore 
whether or not the 
implementation of 




small and medium 
enterprises other 
than flexibility.  
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Zhang et al. 
(2017) 
The study proceeded with 
the following objectives: 
to explore how cleaner 
production could be 
promoted by using real-
time data, real-time shop 
floor scheduling 
technologies; to find quick 
and accurate solutions for 
MO-FJSS problems to 
improve the efficiency of 
energy and production 
based on real-time data 
in the real-world 
environment; and the 
designing of an allocation 
method for MO-FJSS to 
minimise the 
consumption of energy 
during production. 
The main findings of the 
study included the 
contribution of a real-
time scheduling method 
and dynamic game 
optimisation model to 
solve the problems of 
the various objectives. 
By using the former 
approach, the 
equipment can quickly 
provide refined 
procedures whenever 
they are available, 
following which, the real-
time scheduling task 
pool will automatically 
assign the required 
process to the diverse 
equipment as per their 
real-time status; 
whereas the latter aims 
to reduce the 
manufacturing time, 
workload of deployed 
equipment, and 
consumption of energy 
for production by using a 
dynamic game theory-
based model that 
delivers enhanced 
production with less 
costs.  
The future research 
opportunities 
include the scope to 
improve the 
methods of solving 
the problems 








is a need to explore 
the collaborative 
benefits of multi-
agent and auto-ID 
technologies for the 
implementation of 
real-time shop floor 
scheduling.  
Shokri Kahi 
et al. (2017) 
The study proposed to 
create a novel network 
and dynamic data 
envelopment analysis 
(DEA) model to assess 
the sustainability of 
supply chains (SC). The 
researchers targeted the 
existing DEA model, 
shared by Tone and 
Tsutsui (2014), by 
contributing an additive 
model of a dynamic 
network DEA through free 
links (which carries over 
the networks in diverse 
periods and not in diverse 
stages) while determining 
their nature.    
The findings of this 
study confirmed that the 
traditional DEA models 
do not provide any key 
sub-processes required 
in the functioning of 
supply chains. The study 
should help managers to 
recognise the ineffective 
SC and the plausible 
improvements in the 
performances of supply 
chains. The results 
further revealed that if 
the proposed model was 
implemented, the 
managers can genuinely 
plan and organise the 
SC.   
The paper 
proposes a model 
to handle the big 





proposed model in 
this paper with the 
fuzzy data 
approach as a good 
topic to explore. 
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Ko et al. 
(2017) 
The objective of this 
study was to propose a 
novel framework to bring 
together the 
manufacturing, inspection 
and post-sales service 
data to optimally use the 
machine learning and to 
explore the quality of the 
products under a guided 
approach by addressing 
certain identified 
limitations i.e. (a) 
univariate SPC methods 
capture only one factor at 
one point in time while 
ignoring the related 
defects that happen due 
to the association of more 
than one factor, (b) both a 
lack of knowledge and 
available information to 
the manufacturers for 
inspecting the items, and 
(c) manufacturers are not 
sure about the quality of 
the products during the 
selection process.  
The findings revealed 
that by using machine 
learning-based anomaly 
detection models, a 
separate anomaly score 
for each engine was 
detected. The results 
were evidence that with 
the proposed framework 
one can identify 
defective or spoiled high 
risk engines before the 
machine is shipped or 
moved. With the 
implementation of data 
integration, the real 
quality as desired by the 
customers with respect 
to after sales service, is 




With reference to the 
business application, the 
integration of data and 
machine learning-based 
anomaly detection can 
extend effective support 
to the manufacturers to 
detect the poor quality of 
the machine engines 
with plausible ways for 
improvement.  
The research team 
proposes to locate 
and integrate the 








integrate the data to 
improve the 
performance of 






The objective of the study 
was to explore how 
supply chain 
management networks 
can attain strategic and 
efficient technical 
communication and an 
effectual interchange of 
information within the 
altering factors related to 
new/complex product 
development (N/CPD). It 
proposed best practice 
solutions for engineering-
design and delivery 
processes.  
With respect to the 
findings of this paper, 
the research team 




for the manufacturing of 
concurrent engineering 
and supply chain 
management network 
processes. The study 
also revealed best 
practice i.e., e-supply 
chain management (e-
SCM). It is claimed that 
the proposed framework 
will permit e-SCM 
partners/stakeholders 
for the better planning of 
The research team 
recommends 
exploring how the 
various other e-
SCM networks can 
contribute in terms 








units. Another area 







production activities to 
effectively meet the 








This paper proposed a 
cross-functional decision-
making methodology, 
dependent on the affinity 
diagram, fuzzy analytic 
hierarchy processes 
(FAHP), and fuzzy 
techniques to prioritise 
orders with respect to the 
similarity to ideal 
solutions (FTOPSIS). The 
paper offered the best 
suitable cloud solutions to 
handle projects related to 
big data.  
The implementation of 
the proposed 
framework, which is 
hybrid in nature, will 
allow the policy makers 
dealing in big data 
projects to evaluate and 
select the best suitable 
criteria with a genuine 
comparison between 
available alternatives. 
The results from 
sensitivity analysis 
confirm less ambiguity 
among decision-makers 
for ranking and rating of 
projects.  
The future studies 











results of their 
application in 
different streams, 
particularly in the 
financial sector due 




The objective of the 
paper was to build a 
theoretical ecosystem 
model to incorporate the 
Internet of Things in the 
activities related to supply 
chain management. The 
research team aimed to 
develop the links between 
different parties along 
with their noteworthy 
participation while 
considering the Internet 
of Things as an important 
element.  
The main findings 
assured that the solution 
integrator acts as a 
central role in the 
ecosystem of the 
Internet of Things. It 
helps to build the entire 





services to the process 
of SCM. Hence, the 
solution integrator 
connects the major 
logistics suppliers in an 
ecosystem by means of 
the Internet of Things. 
The proposed model 
confirms the 
acceptability and 
benefits of the Internet 
of Things to the logistical 
issues of the 
organisations.   
The research team 
suggests 
implementing the 
concept of focus 
groups to 
organisations 
dealing with the 
Internet of  
Things and supply 
chain management 






models with similar 
characteristics 






The objective was to 
realise the requirements 
of the automation of 
technology by using 
different technologies, 
including the Internet of 
Things (IoT)/radio-
frequency identification 
(RFID) to develop ease in 
managerial monitoring 
and business analytics. 
The paper further 
explored how companies 
prioritised their activities 
related to managerial 
monitoring, associated 
with IoT/RFID and other 
sensor network systems.  
The results received 
after an exploratory 
analysis, conveyed a 
strong need for 
managerial monitoring 
practices with respect to 
automated technologies 
(IoT/RFID) in various 
organisations. It was 
revealed that the most 
crucial factor that affects 
the companies’ needs 




performance. The need 
for an automated data 
system has been 
realised to achieve high 
dynamic business 
processes and speedy 
supply chains.  
The future research 
should include the 
investigation of the 












practices. Also, to 
explore the current 
mechanisms 
followed by the 
various 
organisations to 
have an effective 
managerial 




The objective of the 
paper was to explore the 
scope for inbound and 
outbound logistics to 
organise and automate 
activities to an optimum 
level with respect to an 
enterprise resource 
planning (ERP) system 




(BAPI) technology in 
systems, applications, 
products (SAP) in the 
apparel and footwear 
industry 
The major findings 
stated that to receive the 
real time information of 
the data related to the 
supply chain 
management in the retail 
industry, was of utmost 
importance. The 
contribution of RFID 
technology has been 
highly acknowledged 
during the primary data 
analysis. Using BAPI 
technology has proven 
to be more effective due 
to its ability of 
automated operations 





the extension of this 
concept in various 








are very much 
present in various 
industries but not 







The study had two-fold 
objectives i.e. (a) to 
explore the variation 
between China's “Made-
in-China 2025” plan and 
Germany's “Industry 4.0” 
plan, (b) to investigate the 
factors that supported 
those challenges that 
would put into operation 
the “Made-in-China 2025” 
plan. 
The findings revealed 
the importance of the 
Internet of Things in the 
manufacturing activities, 
the implementation of 
digital networks that 
further support the smart 
manufacturing 
processes for both 
customers and 




manufacturing base.  
The gaps that need 
to be realised are 
for the possible 
managerial 
implications along 
with the long-term 
benefits of the 
combined scientific 
and innovative 
activities across the 













et al. (2017) 
The objective of the 
paper was to investigate 
the enterprise software 
industry via cloud 
computing technology 
with respect to changing 
the value networks in the 
business ecosystem.   
The findings of the study 
revealed that the task of 
any appointed partner 
should target business 
process management 
and the technical 
aspect, which deals with 
information technology 
security, data integration 
and migration, and the 
development of mobile 
applications. The results 
further explained that 
the vendors perform 
multitasking roles as 
service providers. The 
upcoming of advanced 
technological platforms 







scenarios, the use 
of models, and 
enterprise resource 
planning systems to 
extend the 
proposed model in 
this study. In 




benefit model of Kijl 
et al. (2010) to 
explore new 








The objective of the 
paper was to develop 
awareness among 
management boards to 
realise the indispensable 
role played by the 
employees to manage 
information security 
requirements in an 
organisation, especially 
where data is considered 
a valuable asset.  
The received results 
propose information 
security compliance 
practices by introducing 
the nine-five-circle 
(NFC) principle to 
increase the information 
security management 
with human conduct. In 
addition, it confirmed 






hardware failures) work 
in harmony with each 
other and not 
individually.  
The future research 
prospects include 
the validation of the 
proposed model in 










can be empirically 




and better refined 
statistical tools.  
Prause and 
Atari (2017) 
The objective of the 





frame conditions and 
sustainability while taking 
into account the concept 
of Industry 4.0 or the 
Fourth Industrial 
Revolution.  
The findings of the study 





frame conditions and 
sustainability, while 
taking into account the 
concept of Industry 4.0 
or the Fourth Industrial 
Revolution. In addition, 
the empirical analysis 
revealed that besides 
the technical well-being, 
the unconducive work 
atmosphere resulted in 
low productivity and 
efficiency.  
Future studies must 
explore the 









more stable and 
efficient supply 
chain networks 
must be unlocked.  
Beier et al. 
(2017) 
The objective of the 
paper was to empirically 
explore and compare the 
expected changes with 
respect to the 
sustainability of 
manufacturing companies 
that might occur due to 
the digitisation of 
industries in two of the 
most industrialised, 
advanced countries i.e., 
Germany and China 
The major findings of the 
study revealed that 
digitisation of industries 
would occur with various 
issues to be resolved. 
The requirements 
related to the 
recruitment of staff 
across different domains 
and departments would 
have new challenges to 
meet. In addition to the 
above, a lot of changes 
are expected with 
respect to the quality of 
Future researchers 
must take into 
account the global 
complexities related 
to job prospects 
and societal 
challenges. In 
addition, the aspect 
of economic growth 
must also be 
considered to 
create value, 
coupled with human 
labour and income. 
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work-life of the people of 
both countries.  
Santoro et al. 
(2017) 
The main objective of the 






and innovation capacity. 
The findings of the study 
revealed that knowledge 
management systems 
enable the generation of 
open- and combined 
ecosystems, followed by 
the utilisation of internal 
and external flows of 
knowledge by 
developing the internal 
knowledge management 
capacity, which 
eventually increases the 
innovation capacity of 
the companies.  






factors rather than 
multiple factors at 





be small instead of 
taking a large 
volume at a single 
attempt.   
Haucke 
(2017) 
The objective of this 
paper was to associate 
the technological 
innovations with the 
aspect of de-growth. The 
conducted studies in the 
area of information 
technology discussed its 
importance from a global 
perspective. In contrast, 
this paper argued the de-
growth happening 
alongside the 
technological growth.   
The findings of the study 
revealed that a 
sustainable lifestyle 
factor is one of the main 
needs for the individuals 
connected with 
Fairphone. In addition, 
the evidence was that 
alternative consumption 
negatively effects the 
association between 
Fairphone and social 
commitment.  
The authors 










pursue an in-depth 
analysis to realise 
the connection 
between degrowth 
and lifestyles, and 
their effect on 
individuals.  
Raposo et al. 
(2017) 
The study proceeded by 
reviewing the base fault 
management aspects and 
techniques, which can be 
deployed for wireless 
sensor networks. It 
further discussed the 
taxonomy of faults of 
wireless sensor networks, 
to be used generally as 
well as for industrial 
purposes. Lastly, to 
validate the developed 
taxonomy, it was 
matched with the 
extensive set of faults 
The findings revealed a 
new and improved 
wireless sensor network 
with fault tolerance 
techniques. This 
technique has 
addressed many new 
types of faults while 
sharing a large 
taxonomy of fault 
classification. The 
results should prove 
extremely helpful for 
individuals dealing with 
wireless sensor 
networks on a regular 
Future work should 
include guidelines 
to develop and 
enhance the 
wireless sensor 
network tool which 
can be used for real 
time-use of existing 
wireless sensor 











et al. (2017) 
The objective of this 
paper was to explore a 
solution for the safe, 
secure, and reliable 
management of data, 
dependent upon private 
block chains. The solution 
should ensure capabilities 
to authenticate and 
authorise users, things, 
and services in an 
Internet of Things in an 
environment of enabled 
decentralised networked 
production.  
The findings of the study 
reflected that private 
block chains are able to 
secure an Internet of 
Things based on data 
flow-oriented network 
production processes in 
collaboration with the 




The future work 
opportunities can 
be the application 
of additional privacy 
by increasing the 
methods over and 
above the private 
block chains.  
Godoy et al. 
(2017) 
The objective of the 
paper was to advise 
decision-making 
processes for the best 
suitable epoch to replace 
the major components 
under the value-adding 
parameter. The study 
further aimed to establish 
a model to present 
optimal epochs.  
The findings of the 
paper provided useful 
decision-oriented inputs 
for medium- to long-term 
planning for major 




models was highly 
recommended for asset 
managers.    
The future scope of 
the study is to 
extend the 
proposed model by 
using either the 
same or different 
manufacturing 
units, or compare 
two different units 
using the same. 
methodology   
Kiel et al. 
(2017) 
The purpose of this study 
was to examine the 
impact of the industrial 
Internet of Things on the 
business models from the 
perspective of business 
process management. In 
other words, the target is 




models.   
The major findings of the 
study confirmed that 
high service orientation 
along with the 
combination of the 
industrial Internet of 
Things in a 
manufacturing 
environment can benefit 
the current research 
output. In addition, 
manufacturers can 
easily implement the 
process of data mining 
and data analytics as 
solution packages.  
The research team 
recommends 









et al. (2017) 
The objective of the 
paper was to explore the 
potential transformational 
changes from three 
aspects i.e., resource, 
dynamic, and relational. 
The main findings of the 
study stated that instead 
of enabling the 
procurement of the co-
development of product 
service systems, it is 
better to institutionalise 
the digital capabilities 
that give mileage to the 
development of product 
service systems to 
benefit the stakeholders 
of the organisations.  
Future work can 
assess the role of 
digital capabilities 
with respect to 
different industries 
and businesses to 
consumer markets. 
Chofreh et al. 
(2017) 
The objective of this 
research was to target 
the development of the 
path that will facilitate the 
application and 
implementation of the 
enterprise resource 
planning systems.  
The findings of the study 
revealed that a 
roadmap/path consists 




Each of these three 
phases include a 
number of steps to 




immensely important for 
the manager and 
practitioners for the final 
implementation of the 
enterprise resource 
planning systems. 
The future research 
directions should 
assess the degree 
to which a roadmap 
is useful for the 
organisation. It 
must be used for 
the completion of 
the master plan and 
further its usage to 
enterprise resource 
planning systems.  
Kim et al. 
(2017) 
The study explored the 
factors that affect the 
intent of small 
enterprises/companies to 
exercise Software-as-a-
Service (SaaS) as one of 
the cloud computing 
models to enhance the 
information technology 
capabilities and to 
explore the scope of 
improvement in business 
processes.  
The findings of the study 
revealed that the 
companies are more 
interested in exploring 
security risks compared 
to economic and 
performance-related 
concerns. The focus of 
small enterprises is to 
advance the business 
processes instead of 
quality management. 
The support from 
management is more 
crucial than 
implementing SaaS. 
Also, the advice 
received from vendors is 
more essential than the 
role played by the 
government.  
The future research 
direction includes 
the penetration of 
SaaS technology by 
minimising the 
associated risks 
and enhancing its 
level of 
acceptability. Also, 
it is recommended 
to increase the 
privacy of cloud 
computing by 
reframing the policy 
guidelines with 
greater importance 




Hwang et al. 
(2017) 
The objective of the 
paper was to develop a 
performance 
management system for 
which the concept of a 
smart factory and the 
Internet of Things can be 
exercised easily. The 
research team aimed to 
explore the impact of the 
Internet of Things on the 
overall efficiency of the 
equipment.  
The major findings of the 
study included the 
introduction of a 
business process model 




This model should help 
companies to pre-design 
the performance 
measurements along 
with combining the 
Internet of Things. In 
addition, the derived 
overall equipment 
efficiency, while 
deploying the Internet of 
Things, has turned out 
to be a more accurate 
index to gauge the real 
time performance issues 
and concerns.  
The future research 
opportunities 
include the 
extension of the 
present work in the 
following ways i.e., 
the time stamps 




systems, as well as 
the shortcomings of 
the collected data. 
Zhang et al. 
(2017) 
The objective of the 
paper was to propose an 
integrated cleaner 
production method with a 
combination of product 
life cycle management 
and big data analytics to 
provide an architecture 
for these, to create data 
acquisition and an 
integrated framework for 
manufacturing and 
maintenance processes, 
and to diagnose valuable 
knowledge from the 
manufacturing and 
maintenance processes.  
The findings of the study 
confirmed the 




environment at every 
stage of the 
manufacturing and 
maintenance processes 
with the use of the 
proposed model. The 
process of cleaner 
production became 
robust by implementing 
this model. The new 
model initiated a strong 
base for the managers 
of the considered 
organisations to use 
cleaner production for 
sustainability.  
The future research 
opportunities 
include the 






process to initiate 
the integration of 
big data mining 
results with the 
simple big data 
results, and the 
implementation of 
the results of big 
data analytics in 
other domains other 




The objective of this 
paper was to introduce 
the concept of green 
energy engineering that 
was intended to provide 
an environment with a 
friendly way to carry out 
energy engineering. The 
paper further initiated the 
discussion of how 
education and the 
profession could provide 
better green energy 
engineering.  
The main findings of the 
paper concluded that 
education is one of the 
most important elements 
to introduce green 
energy engineering. The 
research team opines 
that to implement an 
innovative topic in a 
practical way, the team 
needs a good 
educational background. 





from this, the 
professions related to 
chemical engineering 
are more suitable to 
understand an aspect 
related to the 
environment.  
The future research 
opportunities are to 
conduct a further 
investigation in this 
area of research. It 
can also be related 
to a survey study by 
collecting data from 
organisations 
dealing in energy 
management.  
Zarei et al. 
(2016) 
The objective of the 
paper was to ascertain 
the importance of 
economic prosperity, 
quality of life, and 
environmental protection 
measures for sustainable 
technological 
development in Iran, and 
to identify the most 
essential industry for the 
sustainable Internet of 
Things.   
The findings revealed 
that the Iranian 
environmental policies 
are not very friendly. 
The implementation of 
the Internet of Things 
has facilitated with the 
protection of the 
environment with 
respect to energy, 
transportation, smart 




the identification of 
challenges with 
respect to policy 
makers to develop 
a sustainable 
Internet of Things 
for selected 
industries. It is 
further proposed to 
establish an 
authentic but low 
risk architecture for 
the Internet of 
Things for policy 
makers and 





The objective of the 
paper was to analyse 
how companies were 





focussing on competitive 
and business intelligence. 
The authors aimed to 
discuss the present 




and cloud computing 
technologies and their 
impact on financial 
matters of the 
organisation.  
The findings revealed 
that cloud computing 
technology provided 
sustainable services for 
most of the considered 
organisations. The small 
and medium enterprises 
were able to minimise 
the cost of operations 
with the application of 
cloud computing. The 
implementation of the 
Internet of Things could 
generate a huge amount 
of data for organisations 
related to sensors and 
objects. It gives the 
possibility to save a 
significant amount of 
investment in the 
infrastructure of 
information technology.  
Future research 
can focus on the 
outsourcing aspects 
of cloud computing 
technology. The 
more suitable 
analytical tools can 
be developed for 
better analysis with 
less time and costs. 
The work profiles of 
entrepreneurs and 
managers must be 




The objective of this 
study was to assess at 
what stage is the 
adaptation of information 
and communication 
technology and the 
associated risks and 
hindrances, with specific 
relevance to the small 
and medium enterprises 
currently in South Africa.  
The findings of the study 
revealed various barriers 
that cover the high price 
of the installation of 
information and 
communication 
technology systems, the 
lack of knowledge and 
awareness and usage of 
these systems in small 
and medium enterprises, 
and the costs for the 
maintenance of these 
systems.  
The future research 
directions include 
the continued use 
of the information 
and communication 
technology services 
while locating the 
possible solutions 
of the identified 
barriers, so that 
small and medium 
enterprises can 
benefit more and 




The objective of the 
paper was to realise the 
association between the 
Internet of Things and 
business processes. The 
paper aimed to 
understand the concept 
of technological 
revitalisation.  
The findings revealed 
that almost every sector 
of the economy is 
involved with one or 
other form of 
technology. The 
application of the 
Internet of Things can 
also be found in the 
consulted literature. The 
technological 
revitalisation can be 
evidenced in business 
processes and big data 
analytics.  
The research team 
recommends 
implementing the 
concept of the 
Internet of Things in 
the area of 
international 
production and the 
related demand and 
supply concepts to 
have great returns 
from a strategic 
perspective. The 
discussion of 









The purpose of this paper 
was to shed more light on 
the advantages and 
disadvantages of Industry 
4.0, smart procurement, 
and the distribution of 
management operations. 
In other words, it 
addressed the 
relationship between 
digitalisation and supply 
management. 
The findings of the study 
revealed that the 
present technology of 
Industry 4.0 supported 
the concept of smart 
procurement (supply 
management 4.0), the 
processes of empirical 
testing, and conceptual 
considerations. The 
team also realised 
certain issues due to the 
high involvement of 
financial resources. Not 
every industry is able to 
benefit from the present 
technology.  
The authors 
suggest to extend 
this work to the next 





respect to industry 
4.0 and 
procurement.   
Nguyen et al. 
(2016) 
The objective of the 
paper was to investigate 
the issue of social 
dysfunction related to the 
use of smartphone 
interactions among the 
people, organisations, 
and the natural 
environment. 
The findings revealed a 
major impact of 
smartphone usage on 
people, society and the 
environment. The small 
but consistent changes 
and alterations initiated 
among families i.e., if a 
person spends more 
time with family 
members, they can have 
a better quality of life 
from a societal as well 
as environmental 
perspective. The results 
also assured a big take 
away for managers and 
policy makers of large 
organisations to realise 
how these smartphones 
have adversely 
influenced the overall 
system at large and as a 
result, are in need of 
immediate attention. 










can take the results 
of this study to the 
next level and 
incorporate an 





The concept of Triple R 
(resilience, 
responsiveness, 
robustness) was attained 
by the optimal 
combination of planning, 
scheduling, real-time, and 
control-oriented activities. 
The objective of this 
paper was to screen and 
analyse the existing 
literature in the area of 
global manufacturing, 
The findings revealed 
that the implementation  
of Triple R has assured 
a significant impact on 
global manufacturing to 
attain the adaptability 
and operationality. In 
addition, the 
combination of a design 
for the financial and 
global manufacturing 
operations has delivered 
many financial benefits, 
The future research 
opportunities 
include the 












which is further presented 
in the form of a Triple R 
model.  
a confirmed sustainable 
innovative development 
and enhanced the 
product life cycle. 
Zhou et al. 
(2015) 
The objective of the 
paper was to analyse the 
association between 
supply chain 
management and the 
Internet of Things from an 
editorial perspective. 
The findings of the study 
revealed that cloud 
computing technology 
must be used for real 
time production 
assessment and 
planning. The suitable 
information technology 
infrastructure must be 
deployed in order to 
initiate harmony among 
internal and external 
linkages of different 
manufacturing units. 
Radio frequency 
identification can only be 
advantageous if retailers 
promise more flexibility 
and adaptability to 
optimise the allocation of 
shelf space. 
The future research 
perspective of this 
editorial piece of 
work is to extend, 
reuse, personalise, 
and rescale for 
generalised findings 
with respect to 
other manufacturing 
units/plants. 
Weber et al. 
(2015) 
The objective of the 
paper was to redesign the 
process for real time 
network foresight 
management for global 
disaster management. It 
aimed to identify the 
upcoming networks.  
The paper concluded 
that the ad hoc and 
long-term network 
dynamic structures are 
unpredictable. For 
successful results the 
heterogeneous network 
structures must be 
identified, a shared 
framework must de 
designed, the objects 
with a boundary must be 
selected, and the 
integration of the focal 
factors must be 
implemented.  
It is suggested that 
the future 
researchers 
validate a combined 
foresight model for 
multiple actors. The 
use of additional 
quantitative 
methods for 
different areas will 
have results that 
are more reliable.  
Cagliano et 
al. (2015) 
The objective of the 
paper was to propose a 
systematic framework to 
investigate the potential 
of and enable plans for 
the dispersion of the 
supply chain 
management process, 
based on smartphone 
operations in the e-
grocery sector.  
The findings revealed 
that the effectiveness 
and reliability of the 
service driven dispersion 
among producers and 
consumers, influence 
retailers to generate 
business from the 
stakeholders’ 
perspective. The in-
depth assessment of the 
methodology must be 
The future studies 















understand the effect of 
e-commerce tools and 
techniques on the 
supply chain 
management processes.  
Guo et al. 
(2014) 
The objective of the 
paper was to investigate 
the methods that assess 
the process of dataflow in 
inter-organisational 
workflows. It also aimed 
to understand what type 
of data can be exchanged 
among different parties 
for collaborative work 
efforts in the 
contemporary business 
environments. 
The main findings of the 
study included the 
contribution of a 
modelling method for 
dataflow to inter-
organisational workflow 
management for the 
purpose of business 
integration. In addition, it 
further shared extensive 
information related to 
B2B businesses, which 
shall form the foundation 





try to find out the 
methods via which 
the sensitive 
information can be 
exchanged among 




must be explored.  
Jakhar (2014) 
The key objectives of the 
paper were to investigate 
how the implementation 
of green supply chain 
performance evaluation 
criteria can be 
administered, and how 
multiple supply chain 
partners for green supply 
chain management 
practices can be decided.  
The main findings of the 
study revealed that the 
apparel industry is one 
of the cost-oriented 
concerns for the 
manufacturers. It 
consumes a high 
volume of time to 
receive finished 
products after 
processing. In addition, 
this industry has a 
substantial impact on 
the environment and 
uses a significant portion 
of non-renewable 
sources of energy.  
The future studies 










the criteria of how 
weight change can 
be administered.  
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Reaidy et al. 
(2014) 
The paper proposed an 
Internet of Things 
infrastructure as a 
method for an alliance-
based warehouse order, 
which is dependent upon 
Radio Frequency 
Identification (RFID), 
ambient intelligence, and 
multi-agent system 
technology. In addition, it 
combined a bottom-up 
approach and decision 
support mechanisms, 
self-assessment and 
bargaining skills among 
agents. 
The findings of the 
paper confirmed the 
involvement of the 
Internet of Things for 
warehousing processes 
to enhance their 
effectiveness in the 
contemporary dynamic 
environment. In addition, 
it supports the 
researchers to polish 
and upgrade the 
practical results by 
initiating self-
assessment methods to 
increase the efficiency of 
the framework. 
The future research 
opportunities are 
the validation of the 





robustness. It will 
include other 
criteria, such as 
price, time, and 
importance. The 
architecture of the 
application of the 
city hub discussed 
in this paper, can 
be further analysed 
with respect to 
classical cross-
docks and urban 
distribution centres 
for better 




The objective of the 
paper was to assess and 
accumulate the confusion 
faced by small and 
medium enterprises to 
use mobile phones as a 
part of their routine 
activities in businesses. It 
becomes difficult for small 
and medium enterprises 
to invest a large sum in 
the latest technologies for 
better security and vice-
versa. This paper 
addressed the 
possibilities of the 
security of mobile devices 
with less costs and 
increased returns for 
small and medium 
enterprises. 
The major findings of the 
paper confirmed the 
gravity of security risks 
associated with the use 
of mobile devices for the 
small and medium 
enterprises. The results 
revealed that the small 
and medium enterprises 
must implement the use 
of radius-based servers 
with iPSec compared to 
personal VPNs. All 
mobile phones used for 
corporate/commercial 
purposes must be 
connected to iPSec VPN 
servers and must 






possible threats to 
small and medium 
enterprises, the 
associated costs to 
implement the 
latest technology to 
minimise security 









Jo et al. 
(2014) 
The objective of this 
paper was that the green 
factory must realise a 
system of intelligent 
manufacturing by 
initiating a strategic 
approach to control 
production volumes until 
there is a genuine 
requirement, an alteration 
in the dispatch policy, 
sustainable work 
schedules, managing 
work machines in 
comparison with 
manpower and other 
parameters.  
The findings of the study 




minimise the wastage of 
crucial resources (time, 
energy, costs, human 
effort) through quick 
decisiveness while 
facing problems. In 
addition, the flexible 
manufacturing 
intelligence methodology 
was also proposed. The 
process of mining 
techniques has been 
expanded to the 
maximum of the 
manufacturing process.  
The future research 
opportunities 
include the 
expansion of the 
proposed model to 
include an 
automatic mode to 
identify the 
manufacturing 
problems at the 
onset of the 
manufacturing 
process while 




The objective of this 
paper was to initiate a 
technological 
framework/system to 
explain the advantages of 
using mobile technology 
to provide a more 
sophisticated 
maintenance process in 
small food manufacturing 
plants. 
The major findings of the 
paper confirmed that 
mobile communication 
technology has many 
benefits for small food-
manufacturing units. The 
results revealed that the 
moment this technology 
is practiced, the factory 
floor unveils the instant 
possibility of a better 
performance of the food 
unit, by giving fast data 
inputs and identifying 
the system-related 
problems. It also results 
in more staff 
involvement and 




electronic aspect of 
the proposed 






be tested within this 
environment, which 
can be further 
shared with other 





The objective of the 
paper was to have an 
integrated review of the 
studies related to 
production, procurement, 
production inventory 
systems, and integrated 
procurement.  
The major findings from 
the literature on 
integrated procurement-
production did not 
consider the main 
activity of the production 
systems i.e., production 
scheduling. The 
production scheduling 
plays a very important 
role in integrated 
procurement-production. 
The future research 
directions include 
the application of 
production 
scheduling, which 
has been lacking as 







The objective of the 
paper was to explore how 
procurement strategies 
can be developed. It 
targeted the design of a 
framework for the 
procurement model. 
The major findings of the 
study explained that 
there has to be an 
organised way for the 
implementation of the 
integrated procurement 
strategies, the proposed 
framework to act as a 
platform to achieve 
systematic applications 
of procurement 
strategies, and the 
company must survey 
and find out the suitable 
procurement strategy in 
advance.  






must work together 
to achieve the 
strategic objectives. 

















APPENDIX B: OPERATIONALIZATION OF CONSTRUCTS 
Table B1: Operationalization of Constructs 
Constructs Code Items Adapted from 
Coercive Pressures 
(CP) 
CP1 The data protection law requires our firm to use data safely 
Zeng et al. 
(2017) 
CP2 
The industry association requires us to 
use data within the boundary of 
regulatory norms 
CP3 
The stakeholders of our firm want us to 
exploit data to improve decision-making 
without interfering in the privacy of any 
individuals, which may attract defamation 
to the firm 
Normative 
Pressures (NP) 
NP1 Our suppliers use big data analytics and AI for decision-making 




Our competitors have greatly benefitted 
from the adoption of big data analytics 
and AI 
MP2 
Our competitors, who have adopted big 
data analytics and AI, are favourably 




  Infrastructure   
TR1 
We have access to very large, 





We integrate data from multiple internal 
sources into a data warehouse 
TR3 
We integrate external data with internal 
data to facilitate high value analysis of 
our business environment 
  Technology 
TR4 
We have used parallel computing 
approaches (e.g., Hadoop) for data 
processing 
TR5 
We have used different data visualisation 
tools 
TR6 
We have explored cloud-based services 
for processing data 




We have allocated adequate funds for 
big data and predictive analytics projects 
TR8 
We have set realistic timelines to achieve 










We recruit new employees who have 
good exposure to big data and predictive 
analytics 
WS3 
Our big data analytics staff have the right 
skills to do the job successfully 
WS4 
Our big data staff has the appropriate 
education 
WS5 
Our big data staff hold suitable years of 
experience in the big data environment 
WS6 
Our big data and predictive analytics 
managers have a strong understanding 
of business 
WS7 
Our big data and predictive analytics 
managers are able to coordinate 
effectively with all intra-departments, 
suppliers and customers 
Adoption of Big data 
analytics powered AI 
(BDAI) 
BDAI1 
We use advanced analytical techniques 
(e.g., simulation, optimisation, 







We easily combine and integrate 
information from many data sources for 
use in decision-making 
BDAI3 
We routinely use data visualisation 
techniques (e.g., dashboards) to assist 
users or decision-makers to understand 
complex information 
BDAI4 
Our dashboards give us the ability to 
decompose information to help root 
cause analysis and continuous 
improvement 
BDAI5 
Longer machine life cycles, decrease 
industrial waste faster 
and the adaptation towards more efficient 
processes 
BDAI6 Improved usage of local resources, better use of available assets 
BDAI7 
Decrease in industrial waste, easier 
promotion of state-of-the-art 
environmental practices, increased 
recycling opportunities 
BDAI8 
Better adaptation to demand curves, 
better use of resources, faster response 
to energy supply changes 
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BDAI9 Better usage of industrial resources, a longer machine life cycle 
BDAI10 
Improved usage of final products, 





SMP1 Clean energy, such as solar or wind, is used during production processes 
Zeng et al. 
(2017) 
SMP2 
Environmentally friendly production 
technology and production processes are 
emphasised 
SMP3 
The firm attaches great importance to 
environmentally-friendly product design 
(such as green design, product life cycle 
analysis, and others)  
SMP4 
The development and implementation of 
rules and regulations in environmental 
protection are evaluated when selecting 
dealers 
SMP5 
The firm considers its ability to provide 
environmentally conscious products and 
packaging when selecting dealers 
SMP6 The firm sells waste and used materials to other firms 
SMP7 The firm designs/optimises ways to 
recycle waste materials and spare parts 
SMP8 A waste product recycling, classification, 
and processing centre is established 
Circular Economy 
Capabilities (CEC) 
CEC1 The firm is devoted to reducing the input 
to the unit product manual. 
Zeng et al. 
(2017) 
CEC2 
The firm is devoted to reducing the 
consumption of raw materials and 
energy. 
CEC3 The firm initially enhances the energy 
efficiency of production equipment 
CEC4 Product packaging materials are used repeatedly  
CEC5 Equipment cleaning materials are used repeatedly 
CEC6 Leftover material is used repeatedly to 
manufacture other products 
CEC7 Waste produced in the manufacturing process is recycled 
CEC8 Waste products from consumers is recycled 




Waste and garbage are used after 
reprocessing to manufacture new 
products 
(Source: Own compilation) 
Table B2: Questionnaire 
Questionnaire: Industry 4.0 (Big data analytics powered AI), Sustainable 
Manufacturing & Circular Economy 
A. Our first questions are about you and your organization. Your answers will allow us to 
investigate whether there are differences among groups of respondents in particular roles, 
functions, industries, or locations. 
  *Required       
1. Your Designation*       
  General Manager       
  Senior Manager       
  Manager       
  Junior Manager       
         
2. Your Work Experience*       
  Less than 5 years       
  6-10 years       
  11-20 years       
  21-30 years       
  Above 30 years       
         
4. Nature of Business Activities*       
  
Producers and dealers of Original 
Equipment (OE) parts to vehicle 
assembly units 
      
  
Producers and dealers of OE as well 
as Parts and Accessories (P&A) and 
aftermarket/ replacement parts 
      
  Producers of accessories and replacement components 
      
  
Producers of allied products 
supplied to vehicle assembly plants 
and other sectors  
      
  Dealers of related/support products to the motor industry 
      
  Others       
         
5. Number of Employees in Your Company/ Institution 
      
200 
 
  Less than 100       
  101 – 300       
  301 – 500       
  501 – 1000       
  More than 1000       
         
6. Age of your Firm*       
  Below 10 years       
  11-20 years       
  21 - 30 years       
  31-40 years       
  Above 40 years       
         
7.  Annual Turnover (In South African Rands)* 
      
  < R10 million       
  < R50 million       
  > R50 million       
              
         
B. 
How would you rate the factors 















7. The data protection law requires our firm to use data safely 
      
8. 
The industry association requires us 
to use data within the boundary of 
regulatory norms 
      
9. 
DTI want us to exploit data to 
improve decision making without 
interfering into privacy of any 
individuals, which may attract 
defamation to the firm 
          
         
C. 
How would you rate the factors 

















Our suppliers use big data analytics 
and AI for decision-making 
      
11
. 
Our customers use big data 
analytics and AI for decision-making 
      




How would you rate the factors 

















Our competitors have greatly 
benefitted from the adoption of big 
data analytics and AI 
      
13
. 
Our competitors who have adopted 
big data analytics and AI are 
favourably perceived by their 
suppliers and customers 
      
              
E.  
How would you rate the factors 

















We have access to very large, 
unstructured and fast moving data 
for analysis 
      
15
. 
We integrate data from multiple 
internal sources into a data 
warehouse 
      
16
. 
We integrate external data with 
internal to facilitate high value 
analysis of our business 
environment. 
      
17
. 
We have used parallel computing 
approaches (e.g. Hadoop) for data 
processing. 
      
18
. We have used different data 
visualization tools. 
      
19
. 
We have explored cloud-based 
services for processing data 
      
20
. 
We have allocated adequate funds 
for big data and predictive analytics 
project 
      
21
. 
We have enough time to achieve 
desired results from big data and 
predictive analytics 
      
              
F. 
How would you rate the factors 

















We provide big data related training 
to our employees 
      
23
. 
We recruit new employees who 
have good exposure to big data and 






Our big data analytics staff has the 
right skills to do the job successfully 
      
25
. 
Our big data staff has right 
education 
      
26
. 
Our big data staff holds suitable 
years of experience in big data 
environment 
      
27
. 
Our big data and predictive analytics 
managers have strong 
understanding of business 
      
28
. 
Our big data and predictive analytics 
managers are able to coordinate 
effectively with all intra departments, 
suppliers and customers 
      
              
G. 
How would you rate the factors 
related to Adoption of Big data 

















We use advanced analytical 
techniques (e.g. simulation, 
optimization, regression) powered 
with AI to improve decision-making. 
      
30
. 
We easily combine and integrate 
information from many data sources 
for use in decision-making. 
      
31
. 
We routinely use data visualization 
techniques (e.g. dashboards) to 
assist users or decision makers to 
understand complex information 
      
32
. 
Our dashboards give us the ability to 
decompose information to help root 
cause analysis and continuous 
improvement 
      
33
. 
Longer machine life cycle, decrease 
in industrial waste, faster adaptation 
towards more efficient processes 
      
34
. 
Improved usage of local resources, 
better use of available assets 
      
35
. 
Decrease in industrial waste, easier 
promotion of state-of-the-art 
environmental practices, increased 
recycling opportunities 





Better adaptation to demand curves, 
better use of resources, faster 
response to energy supply changes 
      
37
. 
Better usage of industrial resources, 
longer machine life cycle 
      
38
. 
Improved usage of final products, 
increased recycling and reuse 
opportunities 
      
              
H. 
How would you rate the factors 
related to Sustainable 

















Clean energy such as solar or wind 
is used during production processes 
      
40
. 
Environmentally friendly production 
technology and production 
processes are emphasized 
      
41
. 
The firm attaches great importance 
to environmentally friendly product 
design (such as green design, 
product life cycle analysis, etc.)  
      
42
. 
The development and 
implementation of rules and 
regulations in environmental 
protection are evaluated when 
selecting dealers 
      
43
. 
The firm considers its ability to 
provide environmentally conscious 
products and packaging when 
selecting dealers 
      
44
. 
The firm sells waste and used 
materials to other firms 
      
45
. 
The firm designs/optimizes ways to 
recycle waste materials and spare 
parts 
      
46
. 
A waste product recycling, 
classification, and processing center 
is established  
      
              
I. 
How would you rate the factors 
related to Circular Economy 

















The firm is devoted to reducing the 
unit product manual input  
      
48
. 
The firm is devoted to reducing the 
consumption of raw materials and 
energy 





The firm initiatively enhances the 
energy efficiency of production 
equipment 
      
50
. 
Product packaging materials are 
used repeatedly  
      
51
. 
Equipment cleaning materials are 
used repeatedly 
      
52
. 
Leftover material is used repeatedly 
to manufacture other products 
      
53
. 
Waste produced in the 
manufacturing process is recycled 
      
54
. 
Waste products from consumers is 
recycled 
      
55
. 
Recycling waste and garbage is 
reprocessed 
      
56
. 
Waste and garbage are used after 
reprocessing to manufacture new 
products 



















APPENDIX C: DATA ANALYSIS AND RESULTS 
Table C1: Demographic profile of respondents 






Manager 34 0,16 
Senior Manager 110 0,50 
Manager 35 0,16 




Above 20 136 0,62 
10 to 19 79 0,36 












dealers of OE 
























products to the 
motor industry 
10 0,05 
Age of the 
Firm              
>20 75 0,34 




                       
(Source: Own Compilation) 
Table C2: Model fit and quality indices 
Model fit and quality indices Values (Threshold Values if any) 
Average path coefficient (APC)  0.231, P<0.001 
Average R-squared (ARS)  0.113, P<0.001 
Average adjusted R-squared 
(AARS)  0.104, P<0.001 
Average block VIF (AVIF)  1.203, acceptable if <= 5, ideally <= 3.3 
Average full collinearity VIF (AFVIF)  3.415, acceptable if <= 5, ideally <= 3.3 
Tenenhaus GoF (GoF)  0.241, small >= 0.1, medium >= 0.25, large >= 0.36 
(Source: Own Compilation) 
Table C3: Causality assessment indices 
Causality assessment indices Values 
Sympson's paradox ratio (SPR)  1.00, acceptable if >= 0.7, ideally = 1 
R-squared contribution ratio 
(RSCR)  0.808, acceptable if >= 0.9, ideally = 1 
Statistical suppression ratio (SSR)  0.70, acceptable if >= 0.7 
Nonlinear bivariate causality 
direction ratio (NLBCDR)  0.702, acceptable if >= 0.7 
(Source: Own Compilation) 
Table C4: Latent variable coefficients 
Latent variable 
coefficients CP NP MP TR WS BDAAI SMP CEC 
Composite 
reliability 0.881 0.837 0.898 0.863 0.870 0.836 0.902 0.828 
Cronbach's 
alpha 0.793 0.712 0.794 0.820 0.789 0.778 0.868 0.765 
Avg. var. extrac. 0.717 0.720 0.664 0.575 0.501 0.509 0.561 0.587 
(Source: Own Compilation) 
(Years) 10 to 14 47 0,21 
5 to 9 15 0,07 
Below 5 4 0,02 
Annual 




< R10 million 0 0,00 
<R50 million 87 0,40 
>R50 million 132 0,60 
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Table C5: Correlation among latent variable with square root of AVEs 
L.v.s CP NP MP TR WS BDAAI SMP CEC 
CP 
(0.846) 0.436 0.270 0.103 0.292 0.242 -0.001 0.818 
NP 
0.436 (0.849) 0.264 0.162 0.294 0.239 -0.011 0.640 
MP 
0.270 0.264 (0.815) 0.121 0.054 0.035 -0.017 0.592 
TR 
0.103 0.162 0.121 (0.689) 0.117 0.272 0.307 0.249 
WS 
0.292 0.294 0.054 0.117 (0.448) 0.258 -0.005 0.426 
BDAAI 
0.242 0.239 0.035 0.272 0.258 (0.639) 0.238 0.329 
SMP 
-0.001 -0.011 -0.017 0.307 -0.005 0.238 (0.749) 0.043 
CEC 
0.818 0.640 0.592 0.249 0.426 0.329 0.043 (0.601) 
(Source: Own Compilation 
Table C6: Combined Loadings and Cross Loadings 
  CP NP MP TR WS BDAAI SMP CEC Type SE 
P 
value 
CP1 (0.674) 0.002 -0.032 -0.191 0.138 -0.090 0.042 0.010 Formative 0.060 <0.001 
CP2 (0.935) 0.019 -0.057 0.029 -0.110 0.014 0.017 0.128 Formative 0.057 <0.001 
CP3 (0.906) -0.021 0.082 0.112 0.011 0.052 -0.048 -0.139 Formative 0.057 <0.001 
NP1 0.121 (0.849) 0.103 -0.004 0.242 -0.012 0.031 -0.620 Formative 0.058 
<0.00
1 
NP2 -0.121 (0.849) -0.103 0.004 -0.242 0.012 -0.031 0.620 Formative 0.058 
<0.00
1 
MP1 0.231 0.062 (0.815) 0.065 -0.211 0.066 0.044 -0.607 Formative 0.058 
<0.00
1 
MP2 -0.231 -0.062 (0.815) -0.065 0.211 -0.066 -0.044 0.607 Formative 0.058 
<0.00
1 
TR1 -0.994 -0.534 -0.290 (0.318) -0.012 0.011 0.056 2.058 Formative 0.064 
<0.00
1 
TR2 -1.381 -0.643 -0.635 (0.323) 0.025 0.025 -0.010 2.522 Formative 0.064 
<0.00
1 





TR4 0.134 0.140 -0.011 (0.933) -0.053 -0.091 -0.089 -0.263 Formative 0.057 
<0.00
1 
TR5 0.118 -0.300 0.192 (0.494) 0.118 0.288 0.186 -0.248 Formative 0.062 
<0.00
1 
TR6 0.145 0.154 0.004 (0.929) -0.053 -0.101 -0.084 -0.319 Formative 0.057 
<0.00
1 
TR7 0.118 -0.332 0.156 (0.488) 0.111 0.266 0.167 -0.218 Formative 0.062 
<0.00
1 
TR8 0.181 0.171 0.026 (0.912) -0.047 -0.113 -0.084 -0.363 Formative 0.057 
<0.00
1 
WS1 -1.381 -0.643 -0.635 0.021 (0.501) 0.025 -0.010 2.522 Formative 0.062 
<0.00
1 
WS2 0.163 0.139 -0.030 0.092 (0.584) -0.120 -0.212 -0.335 Formative 0.061 
<0.00
1 
WS3 0.272 0.076 0.296 -0.084 (0.552) 0.008 0.146 -0.691 Formative 0.061 
<0.00
1 
WS4 -0.211 0.140 -0.456 -0.099 (0.306) -0.063 -0.077 0.481 Formative 0.064 
<0.00
1 
WS5 -0.085 -0.161 0.015 0.125 (0.066) 0.002 -0.024 -0.172 Formative 0.067 0.163 
WS6 0.801 0.299 0.468 -0.048 (0.637) 0.080 0.094 -1.267 Formative 0.060 
<0.00
1 
WS7 0.118 -0.300 0.192 0.456 (0.074) 0.288 0.186 -0.248 Formative 0.067 0.134 
BDAA
I1 -0.195 0.107 -0.346 0.029 -0.156 (0.041) -0.010 0.599 Formative 0.067 0.270 
BDAA


































I10 0.880 0.019 -0.057 0.029 -0.110 (0.252) 0.017 0.128 Formative 0.065 
<0.00
1 
SMP1 0.237 0.271 0.174 0.477 0.208 0.335 (0.372) -0.659 Formative 0.063 
<0.00
1 
SMP2 0.348 0.290 0.149 0.301 0.185 0.107 (0.444) -0.605 Formative 0.062 
<0.00
1 
SMP3 -0.024 0.108 0.031 -0.066 -0.071 -0.100 (0.778) -0.066 Formative 0.059 
<0.00
1 
SMP4 0.016 -0.092 -0.073 -0.133 -0.062 -0.071 (0.876) 0.085 Formative 0.058 
<0.00
1 
SMP5 -0.015 -0.084 -0.006 -0.050 -0.008 0.033 (0.945) 0.037 Formative 0.057 
<0.00
1 
SMP6 0.120 -0.064 -0.011 -0.022 0.001 -0.115 (0.885) -0.057 Formative 0.057 
<0.00
1 
SMP7 -0.075 -0.102 -0.030 -0.039 -0.040 0.036 (0.961) 0.126 Formative 0.057 
<0.00
1 
SMP8 -0.604 0.003 -0.106 -0.092 -0.012 0.010 (0.426) 0.903 Formative 0.062 
<0.00
1 
CEC1 -0.080 0.071 0.198 0.083 -0.137 -0.004 -0.027 (0.077) Reflective 0.067 0.126 
CEC2 0.660 0.002 -0.032 -0.191 0.138 -0.090 0.042 (0.524) Reflective 0.061 
<0.00
1 
CEC3 0.880 0.019 -0.057 0.029 -0.110 0.014 0.017 (0.781) Reflective 0.059 
<0.00
1 
CEC4 0.973 -0.021 0.082 0.112 0.011 0.052 -0.048 (0.744) Reflective 0.059 
<0.00
1 
CEC5 0.121 1.127 0.103 -0.004 0.242 -0.012 0.031 (0.361) Reflective 0.063 
<0.00
1 
CEC6 -0.121 0.570 -0.103 0.004 -0.242 0.012 -0.031 (0.726) Reflective 0.059 
<0.00
1 
CEC7 0.231 0.062 1.141 0.065 -0.211 0.066 0.044 (0.250) Reflective 0.065 
<0.00
1 
CEC8 -0.231 -0.062 0.488 -0.065 0.211 -0.066 -0.044 (0.714) Reflective 0.059 
<0.00
1 




0 -1.381 -0.643 -0.635 0.021 0.025 0.025 -0.010 
(0.627
) Reflective 0.060 
<0.00
1 
(Source: Own compilation) 
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Table C7: Indicator Weights 
  CP NP MP TR WS BDAAI SMP CEC SE P value 
CP1 (0.314) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.064 <0.001 
CP2 (0.435) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.062 <0.001 
CP3 (0.422) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.063 <0.001 
NP1 0.000 (0.589) 0.000 0.000 0.000 0.000 0.000 0.000 0.061 <0.001 
NP2 0.000 (0.589) 0.000 0.000 0.000 0.000 0.000 0.000 0.061 <0.001 
MP1 0.000 0.000 (0.614) 0.000 0.000 0.000 0.000 0.000 0.060 <0.001 
MP2 0.000 0.000 (0.614) 0.000 0.000 0.000 0.000 0.000 0.060 <0.001 
TR1 0.000 0.000 0.000 (0.084) 0.000 0.000 0.000 0.000 0.067 0.105 
TR2 0.000 0.000 0.000 (0.085) 0.000 0.000 0.000 0.000 0.067 0.102 
TR3 0.000 0.000 0.000 (0.194) 0.000 0.000 0.000 0.000 0.065 0.002 
TR4 0.000 0.000 0.000 (0.246) 0.000 0.000 0.000 0.000 0.065 <0.001 
TR5 0.000 0.000 0.000 (0.130) 0.000 0.000 0.000 0.000 0.066 0.025 
TR6 0.000 0.000 0.000 (0.245) 0.000 0.000 0.000 0.000 0.065 <0.001 
TR7 0.000 0.000 0.000 (0.128) 0.000 0.000 0.000 0.000 0.066 0.026 
TR8 0.000 0.000 0.000 (0.240) 0.000 0.000 0.000 0.000 0.065 <0.001 
WS1 0.000 0.000 0.000 0.000 (0.358) 0.000 0.000 0.000 0.063 <0.001 
WS2 0.000 0.000 0.000 0.000 (0.414) 0.000 0.000 0.000 0.063 <0.001 
WS3 0.000 0.000 0.000 0.000 (0.392) 0.000 0.000 0.000 0.063 <0.001 
WS4 0.000 0.000 0.000 0.000 (0.218) 0.000 0.000 0.000 0.065 <0.001 
WS5 0.000 0.000 0.000 0.000 (0.048) 0.000 0.000 0.000 0.067 0.239 
WS6 0.000 0.000 0.000 0.000 (0.452) 0.000 0.000 0.000 0.062 <0.001 
WS7 0.000 0.000 0.000 0.000 (0.054) 0.000 0.000 0.000 0.067 0.209 
BDAAI1 0.000 0.000 0.000 0.000 0.000 (0.010) 0.000 0.000 0.067 0.441 
BDAAI2 0.000 0.000 0.000 0.000 0.000 (0.234) 0.000 0.000 0.065 <0.001 
BDAAI3 0.000 0.000 0.000 0.000 0.000 (0.233) 0.000 0.000 0.065 <0.001 
BDAAI4 0.000 0.000 0.000 0.000 0.000 (0.228) 0.000 0.000 0.065 <0.001 
BDAAI5 0.000 0.000 0.000 0.000 0.000 (0.217) 0.000 0.000 0.065 <0.001 
BDAAI6 0.000 0.000 0.000 0.000 0.000 (0.109) 0.000 0.000 0.066 0.050 
BDAAI7 0.000 0.000 0.000 0.000 0.000 (0.069) 0.000 0.000 0.067 0.150 
BDAAI8 0.000 0.000 0.000 0.000 0.000 (0.091) 0.000 0.000 0.066 0.085 
BDAAI9 0.000 0.000 0.000 0.000 0.000 (0.088) 0.000 0.000 0.066 0.095 
BDAAI10 0.000 0.000 0.000 0.000 0.000 (0.062) 0.000 0.000 0.067 0.179 
SMP1 0.000 0.000 0.000 0.000 0.000 0.000 (0.083) 0.000 0.067 0.107 
SMP2 0.000 0.000 0.000 0.000 0.000 0.000 (0.099) 0.000 0.066 0.069 
SMP3 0.000 0.000 0.000 0.000 0.000 0.000 (0.173) 0.000 0.065 0.004 
SMP4 0.000 0.000 0.000 0.000 0.000 0.000 (0.195) 0.000 0.065 0.002 
SMP5 0.000 0.000 0.000 0.000 0.000 0.000 (0.210) 0.000 0.065 <0.001 
SMP6 0.000 0.000 0.000 0.000 0.000 0.000 (0.197) 0.000 0.065 0.001 
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(Source: Own compilation) 
Table C8: Results of Simulation (Initial process) 

































SMP7 0.000 0.000 0.000 0.000 0.000 0.000 (0.214) 0.000 0.065 <0.001 
SMP8 0.000 0.000 0.000 0.000 0.000 0.000 (0.095) 0.000 0.066 0.077 
CEC1 0.000 0.000 0.000 0.000 0.000 0.000 0.000 (0.021) 0.067 0.377 
CEC2 0.000 0.000 0.000 0.000 0.000 0.000 0.000 (0.145) 0.066 0.014 
CEC3 0.000 0.000 0.000 0.000 0.000 0.000 0.000 (0.216) 0.065 <0.001 
CEC4 0.000 0.000 0.000 0.000 0.000 0.000 0.000 (0.206) 0.065 <0.001 
CEC5 0.000 0.000 0.000 0.000 0.000 0.000 0.000 (0.100) 0.066 0.067 
CEC6 0.000 0.000 0.000 0.000 0.000 0.000 0.000 (0.201) 0.065 0.001 
CEC7 0.000 0.000 0.000 0.000 0.000 0.000 0.000 (0.069) 0.067 0.150 
CEC8 0.000 0.000 0.000 0.000 0.000 0.000 0.000 (0.198) 0.065 0.001 
CEC9 0.000 0.000 0.000 0.000 0.000 0.000 0.000 (0.204) 0.065 <0.001 



















































































































(Source: Own compilation) 













l Limit  
Centr
e Line  
Lower 
Contro
l Limit  





52313 43808 35303 




4 52313 43808 35303 
Scenario 3 41400 43808 
-
2408 5798464 52313 43808 35303 
Scenario 4 44100 43808 292 85264 52313 43808 35303 
Scenario 5 44400 43808 592 350464 52313 43808 35303 
Scenario 6 42600 43808 
-
1208 1459264 52313 43808 35303 
Scenario 7 45000 43808 1192 1420864 52313 43808 35303 
Scenario 8 42780 43808 
-
1028 1056784 52313 43808 35303 
Scenario 9 50400 43808 6592 
4345446




8 792 627264 52313 43808 35303 
(Source: Own compilation) 
Table C10: Results of Simulation (Proposed Automated model) 
Case No 
Random Numbers Total Execution Time 

































































































































1 24600 24488 112 12544 
728107 853,292 
27048 24488 21928 
Scenario 




4 27048 24488 21928 
Scenario 
3 23900 24488 -588 345744 27048 24488 21928 
Scenario 




4 27048 24488 21928 
Scenario 
5 25200 24488 712 506944 27048 24488 21928 
Scenario 
6 24300 24488 -188 35344 27048 24488 21928 
Scenario 
7 24900 24488 412 169744 27048 24488 21928 
Scenario 
8 23880 24488 -608 369664 27048 24488 21928 
Scenario 
9 25800 24488 1312 
172134
4 27048 24488 21928 
Scenario 
10 25500 24488 1012 
102414
4 27048 24488 21928 















APPENDIX D: BUSINESS PROCESS HIERARCHIES 
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Email
System checks the 
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Customer PO by 
email
Upon opening on Email 
Attachment, PO receipt 
acknowledgement email 
goes to Customer
PO uploaded in 
System by Sales 
Admin
SAP system check 




Auto email goes to 
customer along 
with reason for 
Rejection
Customer 




System accepts PO 
and converts it into 
Sales Order
Design Components 
and Creating Part List 
for the SO
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(working station 1)
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(working station 11)
Digital Quality 
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QC pass
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wait in holding 
area for further 
collection by 
Stores





wait in holding 
























Run MRP, the PR's 
generated will be 

































Release in SAP 
by Manager
Auto Email PO 
to Supplier




















Supplier and Agree 
on New EDD or 
Cancel PO and 




































































Rejected on SAP 
and auto email 
goes to Supplier
Material loaded 






New EDD given 
by Supplier
No
QC Release in 
SAP and POD 







































































and use RFID 
tags
Goods moved 







along with a 


























output type or 
modify the 












Output will be 
automatically 
triggered












to proceed for 
Weighing to 
Weighbridge


























RFID code using 
scanners
POD signed on 






















Defective products from 
suppliers/scrap dealers/
customers








Issue PO to supplier/scrap 
dealers/customers with 



























with Security at 
Gate










































Map tax type 
codes to SAP 
tax codes in SAP
Define RFC 
destination 
(relevant for SD 



































Go to Financial 
Accounting in 
SAP
Go to Banks in 
SAP






































































Surajit Bag is an Associate Professor in the School of Business and Economics at 
North South University, Dhaka. Prior to joining academia, Surajit has served 
manufacturing industries of repute for more than eleven years at various senior 
positions that include Section Head: Supply Chain department at Tega Industries, 
South Africa plant. He earned his first PhD in Logistics and Supply Chain 
Management from the School of Business, University of Petroleum and Energy 
Studies, India. Prior to getting a PhD, he obtained an M.Phil. in Supply Chain 
Management from MBU and an MBA in Marketing Management (major) and Human 
Resource Management (minor) from MAKAUT (formerly West Bengal University of 
Technology), India. His substantive areas of interest comprise of Industry 4.0, big 
data, AI, industrial marketing management, green supply chain management, 
circular economy and business sustainability. Dr. Surajit has published research 
work in ABDC-A and A* ranked journals. Dr. Surajit is the proud recipient of “AIMS-
IRMA Young Management Researcher Award 2016” for his significant contribution 
towards management research, and his scientific research has attracted more than 
1000 citations. Editorially, Dr. Surajit is an Associate Editor of International Journal of 
Applied Logistics (IGI Global). He features on the Editorial board of journals like 
International Journal of Sustainable Engineering (T&F), International Journal of 
Logistics Economics and Globalization (Inderscience), Journal of Operations and 
Strategic Planning (SAGE) and International Journal of Technology and Human 
Interaction (IGI Global). He is also International Advisory Board Member of 
International Journal of Social Ecology and Sustainable Development and 
252 
 
International Journal of E-Entrepreneurship and Innovation (IGI Global). Dr. Surajit 
has edited special issues under International Journal of Social Ecology and 
Sustainable Development, International Journal of E-Entrepreneurship and 
Innovation and International Journal of Business Analytics (IGI Global). His on-going 
special issue assignments covers International Journal of Manpower (ABDC-A) 
(Emerald); Journal of Enterprise Information Management (ABDC-A) (Emerald); The 
TQM Journal (ABDC-B), (Emerald); International Journal of Logistics Research and 
Applications (ABDC-B) (T&F); International Journal of Technology and Human 
Interaction (ABDC-C), (IGI Global) and International Journal of Logistics Economics 
and Globalization (ABDC-C). Dr. Surajit is also present in the international scientific 
committee of 1st Business and Entrepreneurship international conference 2021, 
jointly organized by Arab Academy for Science, Technology and Maritime Transport 
and Modern College of Business and Science. He is also present in the Scientific 
Committee of the "2nd Symposium on Circular Economy and Sustainability", to be 
held on 14-16 July 2021, Alexandroupolis, Greece. 
 
 
